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: Sludge Digestion with Biocatalyst—Wells and McKinney 


Oxygen Absorption in Aeration Tanks—King 
Subsurface Sand Filters—Salvato: 
Biological Treatment Concepts—Sawyer et al. 


Radioactivity in Oxidation Ponds—Steel and Gloyaia 
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28TH ANNUAL MEETING 


FEDERATION OF 
WAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


CONJUNCTION WITH 
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October 10-13, 195 
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SEWAGE AND INDUSTRIAL WASTES 


(Greater 
Flexibility in 
Comminution 


For Sewage Flows From .005 to 
250 MGD Per Machine Installed Model Barminutor Screening and Comminu- 
In A 6” Pipe, A Basin Or A 4 te 12 fet wide, ved for Rows 


Rectangular Channel Section. “ “°° 


The greater flexibility and wide applicability of 
comminution made possible by the equipment 
illustrated here is the result of Chicago Pump 
Company's original development of comminution 
and the Comminutor and its 20 years of expe- 
rience in over 4000 installations: of exclusively 
successful comminution. 


*Continuous screening and subsurface cutting . 
coarse sewage material without removal 


rom the sewage flow, eliminating unsightl 
wef The s ond C Mo- 


mess, nuisance and odor from screenings. chine. Designed for in hydraulically designed 


feeder basin, sized for flows from .175 to 25 
MGD per machine. 


7 Model Borminutor Screening and Com- 
minuting Mochine. Designed for use in rectangular 
channel sections 1 to 3 feet wide, sized for flows 
from .09 to 15 MGD. 


Model 78 Com- 


minutor Screen- 
ing and Com- 


chine. Designed 
for use in 6” oF 
8” sewer pipe, 
sized for flows 
from 00s te 
175 MGOD per 
machine. 


ty CHICAGO PUMP COMPANY 


| Subsidiary of Food Machinery and Chamical Corporation 
® SEWAGE EQUIPMENT DIVISION 


622 DIVERSEY PARKWAY © CHICAGO 4, 


Kleen @, Be tu Peller Pluoe uager Honsontal onc Vertiealt Nen-Clege Water 
beal Pump ing Jntte Diltusere, Statlonar Mechani<a! 
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SEWAGE AND INDUSTRIAL WASTES 


TAUNTON reports: Not a service call in 21 years.” 


These two Builders Model CVS Chlorinizers have been in service at the 
Taunton, Mass. Sewage Treatment Plant (designed and engineered by Fay, 
Spofford & Thorndike) since late 1949. Paul Manter, Chief Operator (shown 
in the photo) has nothing but praise for the Chlorinizers. During the past 24 
years, he reports there hasn’t been a call for service of any kind on these 
machines. Mr. Manter now expects the Chlorinizers will give two to three 
times more effective service life than originally estimated. 


This kind of performance explains why Builders Chlorinizers are gaining such 

wide acceptance for all types of chlorination assignments. Whatever control 

system you use ... manual, program, semi-automatic, or flow-proportional 

. » -Chlorinizers will save you money and simplify your operating problems. 

Write for bulletins giving complete details on the four basic models of 
Builders Chlorinizers. Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, R. |. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, co 


SUILOERS (ROM FOUNDRY © PROPORTION BEERS, INC. © OMEGA MACHINE CO. fe 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Asen.* 
Prov, W. I AMUEL, Secretary 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Axsen.* 
Quentin M. Mees, Sec-Treas 
721 N. Olsen 
Tucson, Ariz 


Arkansas Water and Sewage Conf.* 
De. Hare, Sec.-Treas 
c/o sthern State College 

Magnolia, Ark 


California Sewage and Industrial Wastes Asan. 
Sec.-Treas 
4822 N. Dunsmore Ave 
La Crescenta, Calif 


Canadian Inetitute on Sewage and Sanitation 
Da. A. E. Berry, Sec.-Treas 
e Office 
2 Greenville St 
Toronto Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assen, 
Gronce F Beenavuer, Sec.-Treas. 
713 Chapman 5t 
Madison, Wis 


Dakota Water and Sewage Works Conf. 


North Dakota Section® 
Jenome Svonn, Sec.-Treas 
c/o State Dept. of Health 
tismarck, N. Dak 


South Dakota Section® 
Cuartes E. Cart, Sec.-Treas 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak 


Federal Sewage Research Assen. 
Keir Keause, Sec.-Treas 
Room 4212A South HEW Bidg 
Washington 25, D.C 


Viorida Sewage and Industrial Wastes Assen 
M. E. Dawxins, Sec.-Treas 
P. O. Box 210 
Jacksonville 1, Fla 
Georgia Ww ater and Sewage Asen.* 
lr. Sroney, Sec.-Treas 
1210 Hemphill Ave., N.W 
Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
Ortro Sec.-Treas 
Theaterstrasse 24 
Bonn, Germany 


institute of Sewage Purification 
Keasnaw, Sec 
outh Kensington 
London, S. W. 7, England 


Institution of Sanitary Engineers 
Eunest V. Batsom, Secretary 
18 Victoria St 


Westminster, S. W. 1, London, England 


lowa Sewage Works Asean. 
L. xoncresKi, Sec.-Treas 
207 South 15th Ave 
Marshalltown, lowa 


Kansas Sewage and Industrial Wastes Assn 
Rosert H. Hess, Sec.-Treas 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas 
420 Sixth Ave., N., Nashville 5, Tenn 
Louisiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas 
O. Box 15, Water Dept., Lake Charles, La 


* Sewage Works Section 


Maryland-Delaware Water and Sewerage Asen.* 
W. M. Binorey, Sec.-Treas 
2411 N. Charles St., Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Asen. 

D. M. Preece, Sec.-Treas 

Michigan Dept. of Health 

Room 334, Admin. Bidg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 

Warren Keamer, Sec.-Treas 

c/o State Office Bldg., Sixth Floor 

Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Tayior, Sec.-Treas 
Morrison & Maierle Inc 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Asean. 
V Lecutennerc, Secretary-Treasurer 
614 Standard Oil Bldg., Omaha, Neb 
New England Sewage and Industrial Wastes 
Asen. 
F. Muwnor, Sec.-Treas 
75 Pine Avenue, Cranston 10, R. I 


New Jersey Sewage and Industrial Wastes 
Anan, 
Micuae. S. Kacnorsxy, Sec.-Treas 
P. O. Box 766, Manville, N. J 


New York Sewage and Industrial Wastes Assn. 
Ratpu C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plans, N. Y 
North Carolina Sewage and Industrial Waste 
Asean. 
W. E. Lona, Ja., Sec 
Box 2091, Raleigh, 
Ohio Sewage and al Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
Joun P. Smouse, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla 
Pacific Northwest Sewage and Industrial 
Wastes Asan. 
Water W. Saxton, Sec.-Treas 
408 Old Capitol Bldg 
Olympia, Wash 
Pennsylvania Sewage and Industrial Wastes 
Assen. 
B.S. Busan, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rowert J. Auto, Sec.-Treas 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2852, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Asen. 
Joun R. Peterson, Sec.-Treas 
376 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Asen.* 
T. A. Kous, Sec.-Treas 
1329 Ellison Rd., Columbia, S. C 
(Sweden) Fireningen Fir Vattenhygien 
Jonsson. Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 


Texas Water and Sewage Works Asen.* 
V. M. Enters, Sec.-Treas 
2202 Indian Trail, Austin, Tex 
Virginia Industrial Wastes and Sewage Works 
Awan 
J. L. Ja., Sec.-Treas 
415 W. Franklin St., Richmond 20, Va 
West Virginia Sewage and Industrial Wastes 
Aaen. 
Gienw O. Fortney, Sec.-Tre 
State Dept. of Health, Charleston, Ww. Va. 
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Self-Scouring ! 
SIMPLEX PARABOLIC FLUME 


Measures open flows within +2% f 
... Over full 20 tol range! 


- SEWAGE - PLANT WASTES 
- WATER - CHEMICALS 


Simplex Type S Para- 

bolic Flume saves you 

the high costs of build- 

ing a concrete structure 

to close tolerances, changing piping to 
make a special approach section. 

It’s easy to install! Levelling pins assure 
proper grade. Flanged, bell or spigot in- 
lets are in 6" to 36” standard pipe sizes. 


Type S Flume is used 
alone to indicate flow; 
with meter to record 
and totalize. 
Smooth transition from circular main to 
porabolic form speeds flow, keeps flat 
invert clear! Throw of lever gives quick 
back-flushing. Big chamber traps sedi- 
ment, keeps piezometer hole clean! 


WRITE FOR BULLETIN 800 


SIMPLEX VALVE & METER COMPANY, DEPT. JA-5 
7 EAST ORANGE STREET, LANCASTER, P  — 


Accurate instruments and controls since 1904 


SIMPLEX 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Pennsylvania Sewage and 
Industrial Wastes Assen. 


lowa Bewage Works 
Assn, 


Kentucky—Tenneassee Industrial 


Wastes and Sewage Works Assn. 


Georgia Water and Sewage 
Assn. 


South Dakota Water and Sewage 
Works Conf. 


Missouri Water and 
Sewerage Conf. 


New England Sewage and 
Industrial Wastes Assn. 


Oklahoma Water, Sewage and 
Industrial Wastes Conf. 


Place 


Penna. State Univ. 
State College, Pa. 


Hotel Waukonsa 
Fort Dodge, Iowa 


Phoenix Hotel 
Lexington, Ky. 


Georgia Inst. Tech., 
Atlanta, Ga. 


Brown Palace Hotel, 
Mobridge, 8. Dak. 


Connor Hotel, 
Joplin, Mo. 


Municipal Auditorium 
Webster, Mass. 


Oklahoma A. and M. 
College 
Stillwater, Okla. 


Time 


22-24, 1955 


1-9, 1955 


. 12-14, 1955 


. 21-23, 1955 


. 21-23, 1955 


. 25-27, 1955 


Sept. 29, 1955 


Oct. 5-6, 1955 


TWENTY-EIGHTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

New Jersey Sewage and Industrial Wastes Association 
Ambassador Hotel, Atlantic City, New Jersey 


October 10-13, 1955 


West Virginia Sewage and 
Industrial Wastes Asan. 


Nebraska Sewage and 
Industrial Wastes Assen. 


Florida Sewage and 
Industrial Wastes Assn. 


North Carolina Sewage 
and Industrial Wastes Assn. 


Waldo Hotel, 
Clarksburg, W. Va. 


Yancey Hotel 
Grand Island, Nebr. 


Orange Court Hotel 
Orlando, Fla. 


Robert E. Lee Hotel 
Winston Salem, N. C. 


Oct. 19-20, 1955 


Nov. 3-4, 1955 


Nov. 6-9, 1955 


Nov. 14-16, 1955 
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SEWAGE AND INDUSTRIAL WASTES 


We couldn't buy values 


SHONE®* 


Pneumatic Sewage Ejector 


so we build these valves ourselves! 


SHONE valves—one of the reasons for SHONE Ejector performance and dependa- 
bility—are built in Yeomans plant. Yeomans’ experience has taught them where the 
vital areas are in a pneumatic ejector, and the years have taught them how to make 
these parts so they will stand the abuse required by sewage and waste handling pumps. 


Pilot valve and piston valve are designed to work together. The pilot valve actu- 
ates the piston valve that admits compressed air to the receiver and pushes liquid waste 
out and up through the discharge line. Inlet and discharge check valves pass solids up 
to 4 inches in the smallest unit and rectangular water passages give greater flow area 
than the pipes with which they are connected. Reverse bend of inlet valve assures 
closing as solids drop clear. Solid bronze flaps and hinges can take the pounding of 
operating twice a minute year after year. 


Learn more about this amazing pump that gives endless years of service with- 
out repairs or attention. Contact your local representative listed in the Yellow Pages 
of ed telephone book under “Pumps” or attach coupon to company letterhead and 
mail direct. 


® Registered Trademark 


YEOMANS BROTHERS COMPANY 
1999-7 No. Ruby Street, Melrose Park, Il. 


Send by return mail SHONE Pneumatic Ejector Bulletin 4005. 


YEOMANS BROTHERS COMPANY 
1999-7 North Ruby Street, Melrose Park, Illinois 
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what have 


The Asiatic elephant is found in shady, 
wooded districts of Southeastern Asia 
Huge animals that weigh up to 

8,000 pounds and have a life spon of 
about 60 years, they are easily 
domesticated. Many of them are used to 
perform useful labors of lifting and pulling 
Ordinarily gentle, they con become 
highly dangerous when enraged or 
frightened 


in good condition after 100 years of 
service, this cast iron distribution main 
is one of several still functioning in 
New York City 
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SEWAGE AND INDUSTRIAL WASTES 


hey common... 


THE ELEPHANT 
AND CAST IRON PIPE... STRENGTH! 


Great strength has made the elephant one of Man's most useful animals. 
And Cast Iron’s strength . . . shock strength, beam strength, compressive strength, 
make it the world’s most dependable pipe .. . servant of centuries. 


AND HERE'S THE PROOF: 
installed 


To DAY. @ @ modernized cast iron pipe, centrifugally cast, 

is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

CAST IRON PIPE’S PROVED RECORD OF DEPENDABILITY IS UNIQUE 

IN ITS FIELD. 

Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing Dicoster, 

122 Se. Michigan Avenue, Chicago 3. 


2 
DEPARTMENT OF WATER AND OF waren OF wa 
; om OF WATER, OF | WATER WORKS CO US, 
WORKS DEFT. WATER DIVISION QUEBEC COMMISION WATER DIVISION OF 
OF PUBLIC WORKS, PUBLIC WORKS WATERWORKS «DEPT. OF PUBIC WORKS 
: SERVICE COMMISSION BUREAU OF WATER DEPT. OF PUBLIC WATER DEPARTMENT 
MS PublicWore Supply WORKS, Pursburgh, City Winston-Solem, Careline 
OF THE METROPOLITAN POTTSVILLE WATER COMPANY YORK WATER COMPANY, 
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MATCHED DIVISION OF BURGESS MANNING COMPANY 
M ETE RIN G $4100 Haverford Avenue « Philadelphia 4, Pennsylvania 


The origin of Penn’s present line of instrumenta- 
tion goes back to 1909 when Cochrane meters 
were introduced. One of the earliest testing 
programs for open channel flow measurement 
was undertaken to develop these meters as 
reported at the 1914 A.S.M.E. meeting. 


In 1918, an improved mechanical flow meter 
with no stuffing box was developed and in 1935 
the first null-balance, servo-powered electric 
meter was produced. Hundreds of these meters 
have been installed in sewage plant service, 
many for over 30 years. 


HIGHEST REPRODUCIBLE ACCURACY 
distinguishes Penn meters. Such accuracy is 
achieved only by a null-balance, servo-powered 
electric meter. To this unexcelled high fidelity 
of electrical transmission and recording, Penn 
adds the additional refinement of a calibration 
cam. This cam precisely matches the calibration of 
the recorder-totalizer with that of the differential 
producer. The result is ‘‘matched metering’’ and 
higher over-all accuracy. 
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How will your judgment on 


SANITARY ENGINEERING EQUIPMENT# 
look after 15 years? 


FOR 15 YEARS, the Link-Belr chain on 
final tank Scraightline Collectors at this 
Collingswood (N.J.) activated sludge 
plant rendered dependable service, run- 
ning 24 hours per day, without replace- 
ment. Scraightline collectors in primary 
tanks have been in service for 24 years 
without replacement. Clearness of effiu- 
ent may be judged by reflection of the 
drive machinery in final tanks in fore- 
ground. 


CHAIN. Made of Promal 
the longer-wearing pearlitic 
malleable iron, has tough 


ness, 
strength, high yield point, high 
¢ to abrasi 


ENCLOSED DRIVES. All types 
have sturdy gray iron housings, 
anti-friction bearings and preci- 
sion gears for long trouble-free 
operation. 


SPROCKETS. Flint-Rim wheels 
have smooth, file hard, wear- 
resisting teeth, assuring maxi- 
mum life. 


LINK-BELT equipment is sturdily designed to last for decades 


R EMEMBER this when developing specifications and 
interpreting quotations on your water, sewage or indus- 
trial waste treatment system. It pays to give thoughtful 
analysis to design and equipment which will assure 
long life with little maintenance. Such scrutiny will 
also tell you why — in cities large and small . . . in 
plants of all types — Link-Belt installations continue 
to deliver top efficiency at lowest operating cost for 
many years. 

Link-Belt offers you a broad line of quality sanitary 
equipment — including screens, collectors, mixers and 
complete conveying and power transmission equip- 
ment. In fact, Link-Belt pioneered such life-lengthen- 
ing features as Flint-Rim sprockets and Promal chain. 

With this wide choice of equipment, you also put 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Office 
Canada, Scarboro (T: 


in All Principal Cities. Export Office, New York 7; 
Representatives Throughout the World. 


Link-Belt’s many years of technical experience to wor 
on your needs. These two are your assurance of sturd 
design . . . close attention to all construction details . 
a thoroughly tested, tried and proved system. 

Next time you're faced with water, sewage or ir 
dustrial waste treatment problems, call your neare 
Link-Belt office. Our engineers will work with you 
... with your chemists and consultants to provide yo 
with the finest in modern treatment equipment. 


LINK{@}BELT 


SANITARY ENGINEERING EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


INCINERATION 


for the small community 


Morse Boulger Incinerator serving 
Lucas & Hunt Village, St. Louis, Mo. 


a old-fashioned refuse dump—no matter 
how distantly located from the town—is still an eye- 
sore, a health menace and a nuisance. Haulage to 
it and bulldozing (which should be done anyway) 
cost money. 


Morse Boulger, while serving very large cities with 
high tonnage incineration, has never neglected the 
small community. It, too, is entitled to the best in 
incineration ...which Morse Boulger Engineers can 
provide. 


Have your consulting engineer get in touch with us . 
about your requirements. We have basic drawings 
all set up for several types of incinerators in a wide 
range of capacities. We can expedite the plan you 
need. 


MORSE BOULGER DESTRUCTOR CO. 


80-E 5th AVENUE NEW YORK Ii, N. Y. 
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SEWAGE AND INDUSTRIAL WASTES 


IT'S NEW!! REVOLUTIONARY! 


FROTAGRATOR | 
ond 


® 
ROTAGRATOR 


screen and 
comminutor 


Here is a unit that really screens and comminutes 
coarse sewage material without removal or 
rejection from the flow. Solids are held upstream 
} until they are reduced to a size that permits 

\\ \\\\ f . | passage downstream. Unpleasant and expensive 
\\\ \ \ : manual removal methods, odors and other 

\\\ \\ nuisances are eliminated when the “RotacraTtor" 

comminutor is installed, This equipment 
A \\ Dl operates at a low head loss, and efficiently 

AX handles a wide variety of solids. 


Straight line installation reduces initial costs. 
Low power requirements reduce operating costs. 


The “ROTAGRATOR” screen and comminutor was 
developed for larger communities to complete 
InFILco’s extensive line of sewage and waste 
treatment equipment. For more information 

on the “RoTaGcraTor” comminutor and other 
INFILCO equipment, see your Consulting 
Engineer and write for literature. 


Typical materials that have been 
successfully comminuted in the 
“ROTAGRATOR" comminutor include: 


The one company 
offering engineered 
equipment for all 
types of woter and 
waste processing — 
coagulation, 
precipitation, 
tedimentotion, 


INFILCO ING. 
921 South Campbell Ave., Tucson, Arizona a 
Field offices in principal cities in North America waz 
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RE 


Designea by Havens & Emerson, New York, N.Y 
Constructed by McElwee-Courbis, j 


Instead, the new sewage disposal plant at Sche- 
nectady, New York, saves money—sizable sums 
accruing from the sale of Orgro—Schenectady’s 
conditioner and fertilizer com- 
posed entirely of flash-dried sewage sludge. 
As in many other communities, a C-E Flash 
Drying System has converted what would 
otherwise be a bothersome liability into a 
revenue-producing asset, By drying, packaging 
and selling its sludge, and then deducting all 
fuel, power, labor and bagging costs from the 
revenue received, Schenectady nets approxi- 
mately $15.00 for each ton of dry solids sold. 
Thus far the demand for Orgro has been so 
great that an average week's production is sold 
at the plant in a matter of hours. During the 


effective soil 


C-E RAYMOND FLASH DRYING SYSTEMS 
PRODUCING FERTILIZER 


oF 
UNITS 
Lb. Water 


INSTALLED 


NO. 
city TREATMENT UNITS 
Baltimore, Maryland Act. Dig 5 
Battie Creek, Michigan Pri. Dig 
Chicago, | 

Calumet 

Southwest 

Southwest Ext 
Edgewater, New Jersey 
Fond Du Lac, Wisconsin 
Houston, Texas 
Lansing, Michigan 


Activated 
Activated 
Activated 
Pri, Dig 
Pri. Dig 
Activated 
Act. Dig. & 

Garbage 
Los Angeles, California Act. Dig 
Recife, Brazil Pri. Dig 
San Diego, California 

#1 Plant Pri, Oig 

#2 Plant Pri, Dig 
San Francisco,California Pri. Dig 
Schenectady, N.Y Pri, Dig 
Sheboygan, Wisconsin Pri. Dig 
Stamford, Connecticut Pri. Dig. 
Washington, 0. C Pri, Dig. now 

Act. Dig. tater 

Wyomissing, Pennsyivania Prt Dig, 


Se win 


Camden, N 


winter months, when consumer demand may 
drop off, Orgro will be bagged, stored and kept 
ready for use the following spring on the city’s 
parks and golf courses. 

Had Schenectady elected to incinerate its 
sludge, not alone would all revenue be elimi- 
nated, but in addition, a cost of about $3.00 per 
ton would be incurred for ash disposal—a sub- 
stantial item, since roughly 50% of the origi- 
nal dry weight of incinerated sludge remains 
as ash. 

In communities where the character of the 
sludge makes it unsuitable for use as fertilizer, 
incineration may be the only answer. But in 
the many instances where these limitations do 
not apply, burning sludge may be equivalent 
to burning money. 

Whether you plan to incinerate or dry, the 
C-E Raymond Flash Drying System allows 
you to do either at will. Like the communities 
listed at the left, you, too, can end your sludge 
disposal problems effectively and at less cost 
with the service-proved C-E Raymond System. 
For full information, contact the C-E Raymond 
office nearest you. A C-E specialist will be 
glad to help you. B-792A 


COMBUSTION 
ENGINEERING 


RAYMOND DIVISION 
1315 North Branch Street, Chicago 272, Illinois 
Eastern Office: 200 Madison Ave., New York 16, WN. Y. 
Western Office: 510 W. Sixth St., Les Angeles 14, Calif, 


ALSO FLASH DRYING AND INCINERATION 
SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


320a 
3 
| 
— 
CAPACITY 
per Hour Fertilizer 
per Unit Per Year 
6140 —-29,800 
2,370 2,550 
21,000 148,500 
21,000 49,500 : 
795 150 
12,000 30,400 
6,667 6,780 
4 22,500 79,500 
i 943 1,280 
i 3,500 7,800 
i 5,000 13.200 
3 6,250 36,400 
eee. 1 3,370 2,970 
i 3,040 3,060 
i 3,330 1,780 
12,000 (5,800 
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Transite Sewer Pipe provides 


32la 


lower-cost, more efficient, 


| “tighter system 


Berore YOU PLAN your sewer system 
it will pay you to consider carefully all 
the advantages listed on this page. 
They are typical of those that Trans- 
ite® Sewer Pipe has provided. Among 
them are real money-saving advan- 
tages important to all concerned with 
sewer systems ... the contractor, the 
engineer, the taxpayer. And among 
them, in all likelihood, are many that 
Transite Pipe can put into effect under 
your own sewer system conditions. 


Typical System Design Advantages 
@ Installed in shallower trenches 


@ Savings in amount of material 
excava 


@ Smaller earth loads 
@ Elimination of cradling 


@ Location of treatment plant at 
higher level 


@ Elimination of pumping 
@ Use of smaller diameter pipe 
@ Installation at flatter slopes 


Typical Installation Advantages 
@ Fewer joints @ Speedier assembly 
@ Easier handling @ Assurance that 


@ Smaller crews joints pass severe 
infiltration tests 


Typical Operation Advantages 

@ Infiltration treatment cost 
drastically reduced 

@ Only normal sewage treated 


Typical Maintenance Advantages 

e@ Tree roots kept out— minimizes 
cleaning 

@ Sewers kept smooth and intact— 
pipe stays strong, joints stay resilient 

@ Need for frequent inspections reduced 


For further information and your copy of TR-94A, helpful, widely used Sewer Design Flow Chart 
based on the Manning Formula, write Johns-Manville, Box 60, New York 16, New York 


schns-Manville TRANSITE SEWER PIPE 


the asbestos-cement sewer pipe for tighter systems 


IN SYSTEM DESIGN 
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How Rockwell-Nordstrom Valves 
Cut Costly Trouble on any sewage 


and waste treatment service... 


If you’ve ever had the problem of 
stuck, leaking or unreliable valves, 
the story of Rockwell-Nordstrom 
valves will make sense to you—and 
save dollars. A new 20 page book 
shows you all the ways Rockwell- 
Nordstrom valves—and other Rock- 
well products—can help in your sew- 
age or waste treatment plant. It’s 
yours for the asking. 

The tapered plug principle of Rock- 
well-Nordstrom valves, plus the many 
advantages of pressurized lubrication, 
have proven through the years that 
ordinary valves can’t compare with 
Nordstrom’s leak proof dependability 
and trouble-free operation. But that’s 
just part of the story. You'll be in- 


terested, too, in the complete line of 
operating accessories such as chain 
wheels and water tight gear housings 
and many others that make Rockwell- 
Nordstrom the most versatile valve 
you've ever used. The new book also 
points out the numerous advantages 
of Rockwell regulators and sewage 
gas meters that are designed especially 
for your services. 

We'll be glad to send you a com- 
plimentary copy of this valuable new 
book, Rockwell Products for Sewage 
and Waste Service. Just send the 
coupon below. 


Canadian Valve Licensee: Peacock 
Brothers Limited 


ROCKWELL-Nordstrom VALVES 


LUBRICANT SEALED FOR POSITIVE SHUT-OFF 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 


Please send me Bulletin C-5200, 


(_] Please have your sales engineer coll. 


— 
cts... 
All The 
— 
. 
Rockwell No, 120 
. 
—— 
Nome 
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NERTOL 


Specified for Rochester, Minnesota, Sewage Plant 


@ Pump Gallery: Piping 
and equipment painted 
with Glamortex® Enamel, 
finest quality alkyd, in 
color, to assure a long- 
lasting, fade-resistant 
finish, 


@ Walls and ceilings throughout this modern 
plant, like those of the room housing the Link- 
Belt Grit Collector, are guarded with Ramuc® 
Utility Enamel, chlorinated natural rubber-base. 
Colorful Ramuc is easy to clean, chemical- 
resistant and won't saponify. It affords top main- 
tenance economy as well as durable protection. 


Specified by Engineers Toltz, King & Day, Inc., St. Paul, 
Minnesota, to fully protect this $2,000,000 plant 


Since 1937, Inertol coatings have been Buy Inertol paints direct from the 
used by the city of Rochester—world- manufacturer! Shipment within three 
famous medical center. Like hundreds days from our plant, or from nearby 
of municipalities across the country, it warehouse stocks. For full details 
has found that Inertol assures long- about Inertol paints, send for free, 


term protection plus considerable comprehensive “Engineers Painting 
maintenance savings. Guide.” Just write us on your firm's 

Hardness . . . elasticity... chemical letterhead, giving your title. 
inertness... beauty—these Inertol qual- Be sure to inquire about Rustamor,® 


ities explain why the Rochester plant Inertol’s new hygroscopically con- 
is another 100 per cent Inertol job. srolled rust-neutralizing paint. 


A Complete Line of Quality Coatings for Sewage Plants and Water Works 
_ Bao —-INERTOL CO., Inc.— 
o 482 Frelinghuysen Avenue, Newark 5S, New Jersey 
27H South Park, San Francisco 7, California 
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Left, 50’ digester with PFT Floating Cover. Top righ 


Orrville, Ohio once again extends its plant 
WITH MODERN PFT EQUIPMENT 


In 1952, Orrville expanded its sewage treat 
ment facilities by adding a new trickling filter 
plant to provide complete treatment for a design 
population of 15,000. Continuing an association 
that dates back to 1908, PFT again supplied Orr 
ville with highly developed equipment for effec- 
tive waste treatment 


A PFT Rotary Distributor is installed in each 
of the two 68’ circular filter beds. These units are 
ruggedly constructed for long, dependable serv- 
ice. Specially designed spreader jets provide uni 
form distribution over the entire filter bed area, 
assuring the most effective treatment. 

A complete “Controlled Digestion” system was 
installed consisting of these items of PFT equip 
ment: 

PFT Floating Cover for the 50’ digester to 
provide positive scum submergence and flexible 
operation, 

PFT Heater & Heat Exchanger to maintain 
optimum temperature in digester at all times 

PFT Supernatant Liquor Selector (with Gauge 
Sight Glass & Sampler unit) for automatic with 
drawal of the best digester liquor. 


PORT CHESTER, N.Y 


* SAN MATEO, CALIF. © CHARLOTTE. 


PFT Cover Position Indicator to tell the oper- 
ator at a glance the position of the Floating 
Cover. 

PFT Waste Gas Burner to burn off excess gas 
safely and avoid odor nuisance. 

PFT Gas Safety Equipment for maximum 
protection against fires and explosions. 

In keeping with its policy, PFT assisted 
Orrville’s consulting engineers by showing the 
adaptability of its ecuipment in meeting specific 
plant requirements. 


Design of Burgess & Niple, 
Civil & Sanitary Engineers, 
I vy Columbus, Ohio 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 


Chicago 13 


KSONVILLE DENVER 


: 
‘ 
2 filter beds with PFT Rotary Distributors 
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Still MORE PROOF of the 
LOW Maintenance Costs with 


& 
of lorifiert 


AG 
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Thickener® \ 
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Figures tell the story and the actual operat upon which Clarifier excellence should be judged. 
ing records in Cranaton, R. L. are additional testi Are you getting the best? 

mony that Dorr Clarifiers operate dependably We'd like to tell you how Dorr Clarifiers stack up 
and cost leas to maintain. on performance too. Ask a Dorr Engineer for the 
Maintenance costs are one of the primary factors facts. 
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Sewage Works 


PLANT-SCALE TEST OF A BIOCATALYST ON 
SLUDGE DIGESTION 


By N. anp Ross E. McKinney 


Superintendent, Sewage Disposal Plant, San Antonio, Tex., and Assistant Professor of 
Sanitary Engineering, Massachusetts Institute of Technologu, Cambridge, Mass. 


In recent years the organic loadings 
on some sewage treatment plants have 
exceeded the design factors and have 
created many operating problems. In 
an effort to solve the operating prob- 
lems facing the sewage treatment 
plant operators, commercial biocata- 
lysts were introduced. For the most 
part, the biocatalysts were marketed 
before being thoroughly tested. Me- 
Kinney (1), in an effort to promote 
proper understanding of these new 
materials, discussed the fundamental 
theory of waste disposal and the re- 
lationships which enzymes and_ bac- 
teria have in the reduction of organic 
matter. McKinney and Poliakoff (2) 
could not find any increase in efficiency 
of activated sludge due to the addi- 
tion of biocatalysts at 100 times the 
recommended dosages. Heukelekian 
and Berger (3) studied the action of 
pure enzymes, enzyme and bacteria 
preparations, and yeast, on non-sterile 
fresh solids, sterile solids, and settled 
They found that the ma- 
terials tested did not inerease lique- 
faction of solids as measured by an 
increased B.O.D. in the supernatant 
liquor and neither increased nor de- 
creased the B.O.D. of the settled sew- 
These studies were all made on 
a laboratory scale. 

In an effort to obtain information 
on plant-seale operations, MeKinney 
and Sawyer (4)(5) surveyed the lit- 
erature and polled the state sanitary 
engineers to obtain any information 


sewage. 
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reported through their offices. A sur- 
vey also was made of operations in 
California by a committee of the Cali- 
fornia Sewage and Industrial Wastes 
Association (6). Although reports 
have been submitted on plant opera- 
tions, no information has been re- 
ported on a controlled plant experi- 
ment. 

Scum control in the digesters of the 
San Antonio, Tex., sewage treatment 
plant presents quite a problem. Be- 
cause the control of scum is one of 
the beneficial effects ascribed to the 
use of biocatalysts by the manufac- 
turers of these materials, it was pro 
posed to test the efficacy of a bio 
catalyst on scum control and at the 
same time to check any effect which 
the biocatalyst might have on diges- 
tion, 

Each of the 10 open digesters at 
the San Antonio plant is 75 ft. in di- 
ameter, 26 ft. deep at the sidewalls, and 
has a capacity of 928,000 gal. Sound- 
indicated that the scum layer 
12 to 15 ft. thick. Little 
digestion takes place in the scum layer, 
so the effective capacity of the di- 
gesters is reduced by at least 30 to 
40 per cent. 

Previous experiences with biocata- 
lysts had been inconclusive. During 
1952, 300 lb. of Enzymatic were added 
to one of the digesters, according to 
the following schedule: June, 100 Ib. 
were added by mixing with the pri- 
mary sludge being pumped into the 
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digester; July, 100 lb. were broadcast 
over the surface of the scum; and 
August, 50 lb. were added to the in- 
coming sludge and 50 |b. again broad- 
cast over the scum. No control tests 
were run, but the seum was not dissi- 
pated. No sludge was pumped to the 
digesters during this period except 
that to which the Enzymatic had been 
added. 

During August and September 1953, 
50 Ib. of another biocatalyst, Bionetics, 
was tried in one of the digesters. Tests 
run on this digester and on another 
as a control showed a slightly greater 
reduction in total solids in the test 
digester than in the control. A re 
total solids is one of the 
beneficial effects claimed by the manu- 
facturer, more extended pe- 
riod of testing was planned. It is the 
results of this test which are described 
in this paper. 


duction in 


hence a 


Procedure 


For testing purposes, two digesters 
were taken out of regular service. 
The average volumetric loading of the 
10 digesters was calculated and the 
two digesters were loaded at a pro- 
portionate rate by pumping the re- 
quired amount of a mixture of pri- 
mary sludge and activated 
sludge into the digesters once each 
week, A base run of seven weeks was 
made to determine the operating con- 
dition of digesters before additions of 
Bionetics were started. During the 
eighth week, the addition of Bionetics 
to one of the digesters was begun— 
100 lb. the first week, then 20 lb. per 
week for four weeks, and finally 30 
lb. for the balance of the 12-week pe- 
riod. This dosage was recommended 
by the manufacturer. Finally the di- 
gesters were tested for eight weeks 
after the last addition of the 
catalyst. These periods are referred 
to as Period I, Period II, and Period 
III, respectively. 

Primary sludge and excess activated 
sludge were pumped to the digesters 


eXcess 


bio- 
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TABLE I.—Scum Characteristics 


November 11, 1953 April 6, 1954 


Total | Vol Total Vol. 
Solids | Solids Solids Solids 


Depth | 
(ft.) 


(% (%) Yo (%) 


| 67.2 
65.6 
62.0 - 
| 624 | 1.45 | 


11.7 
11.6 


— 


k~ 


(b) Test DicesTer 


from a wet well. The biocatalyst was 
added to the test digester by mixing 
it with the sludge in the wet well and 
then pumping to the digester. To be 
sure that the control digester did not 
receive any biocatalyst, sludge was al- 
ways pumped to it before pumping 
the mixture to the test digester. 

As one of the primary points of in- 
terest was scum control, two surveys 
of scum conditions were made, one at 
the beginning of Period I and one at 
the end of Period Il. The scum was 
too heavy to sample by conventional 
methods, but representative samples 
were obtained by coring. 

Since the digesters have no covers, 
gas production could not be used to 
evaluate the action of the biocatalyst; 
instead, observations were made of pH 
changes and changes in the total and 
volatile solids of the supernatant 
liquor and digested sludge of the two 
digesters. It is believed that any 
great change in the digestion rate 
should be reflected in these factors, 
particularly in the pH and volatile 
solids 

Evaluation of the operation of the 
two digesters was also made by means 
of a solid balance. The pounds of 
total and volatile solids withdrawn 
from the digesters were checked 
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(a) Conrrot Digester 

3 26.4 

6 23.4 

24.1 

12 19.5 

meee 3 28.2 | 76.6 | 17.8 72.3 

Bere 6 19.2 | 80.4 19.9 74.0 

19.4 65.5 18.4 73.8 
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against the pounds of total and vola- 
tile solids introduced to the digesters. 
It should be noted that during the 
test the digesters were somewhat over- 
loaded. Since there is at least a 30 
per cent loss in digestion capacity due 
to the scum layer, the test digester 
was loaded at an average rate of 
0.071 lb. of volatile solids per cubic 
foot of digestion capacity per day, 
while the control was loaded at a 
0.078-Ib. rate. Since 0.04 Ib. of vola- 
tile solids per cubic foot per day is 
considered normal loading, both di- 
gesters were more than 75 per cent 
overloaded. 

During Period II the seum in the 
control digester began to break up 
and the supernatant withdrawal pipes 
clogged. To continue additions at a 
regular rate it was necessary to draw 
a volume of digested sludge equal to 
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which should have been drawn. This 
same phenomenon took place, to a 
lesser extent, in the test digester dur- 
ing Period III, necessitating with- 
drawal of digested sludge several times 
instead of supernatant liquor. 

Frequent observations of tempera- 
tures were not made, but several checks 
showed the supernatant liquor to be 
about 76° F. during the early part of 
the test, rising to about 82° F. toward 
the end of the test period. 


Data and Results 


Table I shows the condition of the 
scum to depths of 12 ft. at the be- 
ginning of the test and at the end of 
Period II. No great change had taken 
place in the scum of the test digester, 
whereas the solids in the control had 
decreased by more than 50 per cent. 
This change in the seum layer of the 


the volume of supernatant liquor control is reflected in the poor quality 


TABLE II.—Primary Sludge and Excess Activated Sludge to the Control Digester 


Total Solids 
(%) 


2.59 
12-1-53 . 3.27 
12-8-53 1.77 
12-15-53 1.71 
12-22-53 1.73 
12-29-53 2Al 
1-5-54 1.75 
1-12-54 2.42 
1-10-54 3.73 
1-26-54 2.53 
2-2-54 2.68 
2-9-54 3.09 
2-16-54 2.39 
2-23-54 2.77 
3-2-54 ‘ 1.92 
3-9-54 2.09 
3-16-54 2.91 69,000 
3-23-54 2.67 ‘ 64,000 49,500 
3-30-54 506 2Al 9. 60,800 48,000 
4-6-54 306 4 2.98 . 76,700 60,200 
4-13-54 3.44 84,200 74,200 
4-20-54 ( 2.40 “a 58,200 44,400 
4-27-54 2.11 . 47,700 35,500 
5-4-54 1.04 46,200 34,200 
5-11-54 2.86 5. 64,000 48,000 
5-18-54 2.39 , 51,000 37,900 
5-25-54 33° 2.52 70,000 52,400 
6-1-54 2.53 . 58,400 44,400 


i 
Date Added pH Solids Bolide 
(1,000 gal.) (%) (lb.) 
Seay 
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TABLE 


Bionetices 
(lb.) 
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of the supernatant liquor during Pe 
riod 

Tables Il and 
and characteristics of the sludge added 
to the 
quantity of biocatalyst added to the 
Tables TV and V show 
the condition of the supernatant liquor 
and the 
the digesters 
Period I 
catalyst addition was started) the pH 


of the 


[11 give the amounts 


two digesters, as well as the 


test digester 


digested sludge drawn from 


During (before the bio- 
supernatant liquor averaged 
6.93 for the test digester and 6.98 for 
the control, indicating only fair diges 
tion, (A 
indicated good digestion. ) 


value near 7.4 would have 
During this 
period the volatile solids in the super 
natant liquor averaged 61.5 per cent 
for the test digester and 62.4 per cent 
for the control 


During Period Il, the supernatant 


August, 1955 


Primary Sludge and Excess Activated Sludge to the Test Digester 


Total Total 


Solids 


Volatile Volatile 
Solids Rolids 


(%) (lb Gb.) 
778 59,200 16,000 
500 53,000 
100 32,200 
900 31,200 
2.000 33,000 
5,000 42,700 
100 35,600 
5OO 18,400 
000 14,700 
500 31,100 
300 38,400 
900 12,200 
100 18,200 
5,700 43,300 
600 55,000 
5,400 43,400 
15,300 
100 18,900 
R00 33,100 
800 23,900 
5,600 34,600 
52,400 
32,900 
37,800 
69,700 
41,700 
28,200 
55,500 


120,000 
54,800 
38,400 
73,500 


2.3 
2 
2.1 
92 
2. 
9 
5. 
2 


liquor of the test digester averaged pH 
7.01 and of the control pH 6.82. The 
volatile solids of the supernatant liq- 
uor averaged 66.0 per cent for the test 
digester and 67.6 per cent for the 
The pH value of 7.01 indi- 


cates slightly 


control, 
better digestion in the 
test digester, but the high volatile 
solids indicates poorer digestion. 
During the past 20 years the vola- 
tile solids in the sludge at 
the San Antonio plant have averaged 
60.0 per During this test the 
from the control di- 
67.0, and 64.4 
per cent for Periods I, II, and III, re 


spectiy ely 4 


digested 


cent 
digested sludge 


gester averaged 65.5, 

whereas the test digester 
62.4, 65.5, and 61.1 for the 
three periods. All of these values fall 
short of the 20-year average, indicat- 


averaged 


ing poorer than average digestion in 
both the test and control digesters. 


3 
| 
Volume 
1,000 gal | 
11-94-53 274 2.59 

201 | 6.80 1.73 

1-5-4 318 6.32 1.75 
1-12-64 262 100 2.77 
1-10-54 Zid 20 6.16 2.51 
1-26-54 26 20 6.98 1.90 
2-2-54 274 20 6.50 20 
24.54 24 20 6.30 20 

Be 2-16-54 268 30 6.12 75 

2-23-54 274 30 6.35 140 
$-2-54 244 30 6.35 3.38 

285 30 6.10 3 
16-54 232 30 6.20 6 
303 30 6.32 

3-30-54 208 30 6.30 
16-54 214 6.20 
1-14-54 232 6.25 

1-27-14 226 6.00 2 
aime , | 

5-4-54 6.40 

11-54 2658 6.40 

rr | oF | 

5-25-54 274 | 6.60 
6-1-54 274 5.87 3,22 

. 
> & 

a 

; 
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Analysis of Results 


Two of the major problems in plant- 
scale experiments are the obtaining of 
suitable samples for analyses and the 
proper interpretation of the data. In 
this study the analytical phase did 
not present as great a problem as did 
the interpretation of the data.  A\l- 
though the digesters were operated 
over a 6-month period, the amount of 
data taken during each of the test 
periods was limited. It was not pos- 
sible to analyze the data on the basis 
of the sludge added and the sludge 
removed week, since the sludge 
removed had little relationship to the 


each 


Averages over each of 
the three test periods meant little be- 


sludge added 


cause of the shortness of each period 
and the length of sludge detention in 
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the digesters. If no mixing of the 
digester contents had occurred, the de- 
tention period in the digesters would 
have ranged between two and three 
weeks, Actually, some mixing did take 
place and the average detention pe- 
riod in the digesters was less than two 
weeks. Figures 1 and 2 illustrate the 
effect of digester detention period on 
the volatile solids. These figures con- 
tain plots of the volatile solids added 
each week and the volatile solids re- 
moved The difference the 
two lines represents the quantity of 
volatile solids digested in most cases, 
although there a few instances 
where more organic matter was re 
moved than added. These zones, indi- 
cated occurred during 
Period Il in the control digester and 
during Periods Il and IIT in the test 


between 


were 


as ‘‘excess,’’ 


TABLE IV.—Supernatant Liquor and Digested Sludge from the Control Digester 


(1,000 gal.) Supernatant 


| Volume 


| 
Solid 
Supnt. | Sludge 


| 
om | 
| 


11-23-53 
11-30-53 
12-7-53 
12-14-53 
12-21-53 
12-28-55 
1-4-54 
-11-54 


178 
247 
247 
250 
250 
250 
250 
250 


36 
39 
36 
36 
36 
36 
46 
36 


0.66 
0.93 
0.25 
1.17 
1.11 
1.06 
O34 


250 
315 
250 
256 


250 


412 
36 
36 
36 


1.43 
1.91 
0.86 
2.82 
0.70 
2.93 
2.77 
2.91 
1.38 
1.26 
234 


1.59 


2.06 
0.34 
2.19 
0.22 
031 
0.64 
1.11 
0.75 


1-19-54 
1-26-54 
5-35-54 

5-10-54 
5-17-54 
5-24-54 
5-31-54 


Vol, Sol 


— 
| Digested Sludge Solids Out 


Tot 
Sol 


Vol. Sol 
(%) 


Solids 


| 
oF Vol, Sol 


(%) 
61.5 
65.8 
62.9 
56.1 
63.4 
65.4 


| 17,270 
67.0 | 39,050 
63.0 | a9'010 
63.3 | 15,850 
63.8 | 34,130 
64.1 | 32,050 | 21,280 
67.3 | 34,100 | 22.350 
78.7 | 18,900 | 11,820 


10,930 
25,700 
18,200 
| 21,700 


66.4 
65.2 
67.8 
71.1 
67.2 
66.9 
68.0 
67.3 
69.5 
65.8 


67.7 
69.5 
69.3 
68.9 
65.5 
67.8 
67.3 
65.0 
64.8 
68.4 
64.6 


43,480 
63,600 | 
30,550 | 
| 78,400 
20,400 
76, 100 | 
73,100 
77,400 
18,800 
| 44.400 
60,700 
412.000 


29,010 
54,100 
20,450 
53,500 
20,580 
51,250 
19,500 
52,100 
$2,500 
40500 
11,600 
28,200 


67.4 
65.4 
67.6 
51.2 
58.9 
62.5 
62.8 
63.7 


66.0 
68.0 
67.8 


82,500 
23,100 
62,100 | 
62.0 | 16,300 | 
64.0 17,710 
62.7 | 21,900 13,670 

35,400 | 22,130 


62.2 
63.0 | 24,600 | 15,660 


45,200 
14,500 
41,900 

9,590 
10,050 


Vol. 
Date | | 
| 6.80. | | 
7.00 | 6.72 
3.95 | 25 | 
| 7.00 6.51 | 3.32 | 
| 7.00 6.65 00 | 
7.00 6.60 | 3.69 | 
6.90 | | 
6.88 | 3.91 | 
| 7.20 | 6.51 | 447 
1-18-54 | 6.70 6.60 | 4.22 
1-25-54 | 6.65 | 6.55 | 6.05 | 
2-154 | | 6.75 | 6.30 | 4.95 | 
. 2-8-54 | 36 6.65 6.68 5.04 
2-15-54 36 6.72 6.90 | 5.12 | 
= 42 | 7.00 | 6.65 5.60 | 
3-15-54 a9 | 7.08 6.70 1.01 
| 6.74 | 3.68 | 
3-29-54 250 36 7.10 | 
1-5-54 25) | 6.20 3.53 
4-12-54 oa | 62 | 6.75 | 6.70 | 281 | E 
6.58 | 3.90 | 
250 | 36 | 6.98 
250) 36 7.15 6.50 4.35 
: ons | 36 | 680 6.80 | 3.23 | 
285 | 36 Be ‘ 
7.25 6.90 | 2.94 
291 | 36 
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TABLE V.—-Supernatant Liquor and Digested Sludge from the Test Digester 


Volume (1,000 gal.) Supernatant Digested Sludge | Solids Out (Ib.) 


Bolids | Vi ‘ | Bolids fol. Sol. , 
Supnt Sludge pH (07 ) (ay pH | Vol. Sol. 
| 0) 


an 


6.91 0.78 | 6.82 5.04 33. 33,300 | 21,170 
7.00 0.22 5 6.72 4.02 1.5 27,550 | 10,430 
7.0) 0.21 6.78 4.10 16,680 | 9,960 
6.80 0.52 j 7.00 3.90 32.6 | 23,840 | 14,600 
7.00 1.48 7: 6.55 3. 50 j1.6 | 41,700 | 28,860 
6.90 1.44 53.6 6.75 | 53.4 42,600 | 27,150 
6.90 0.76 j2.: 6.70 | 3. M4. 26,140 | 16,420 


~ 


— 
oo 
w 


| 
| 36 | 690 | 1.19 | 628 | 6.85 | 4.98 2 | 39,700 | 24,720 
| 
| 


ve 


1.63 | 65.5 | 6.80 6! 5.5 | 42,600 | 27,820 
1.97 6.5 6.78 | 2.8! 35. 49,650 | 32,700 
0.28 | 56.7 | 680 | 3.44 | 64. 15,850 | 9,820 
0.67 | 61.5 6.75 | 3.7: 5: 27,200 | 17,200 
1.56 | 66.5 6.80 | 4.1 i6.6 | 46,500 | 30,950 
0.92 6 | 6.86 | 3 6. 35,700 | 23,600 
0.67 16.3 | 680 | 4. 6.8 | 27,500 | 18,200 
0.38 if | 6.84 | 4. 7 21,400 | 14,800 
0.46 | 68 6.70 5.2 | 20,650 | 13,800 
0.44 9.7 6.83 35.9 | 25,370 | 17,340 

6.90 3.! 5. 17,300 | 11,220 

6.84 : 34.6 | 56,600 | 40,150 


a 


on 


A wos 
Tan 


oa 


~ 


6.88 3.08 4. 24,150 | 16,420 
6.80 3.15 % 45,900 | 30,500 
6.85 | 2.1 4 77,300 | 57,100 
6.88 | 2.5! 32. 50,850 | 36,570 
3.73 25,930 | 16,600 
59,100 | 36,150 
| 29,300 | 17,250 
| 39,250 | 23,740 


‘ 
~ 
‘ 
‘ 


PERIOD PERIOD 


TEST DIGEST 


POUNDS BIONETIC ADDED 


ORGANIC LOAD 


a 


VOLATILE SOLIDS, POUNDS X 1000 


ORGANIC. REMAINING” 
i 


10 15 
WEEKS 


FIGURE 1.—Volatile solids in test digester. 
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Date 

12 | 247 
12 250 
12 | 280 

12-53 | 253 
14-54 | 250 | 42 | : 
ag 1-11-54 | 262 36 | 

1-18-54 | 250 39 | 7.00 | 
250 36 6.85 | 
PAGS 2 238 36 6.92 : 
2 253 42 | 6.85 
NS 2 262 36 6.95 
2 207 36 7.10 
3 250 36 7.00 
3 250 360 | «6.88 4 
3 202 36 | 7.00 | 
va 3 256 | 42 | 7.05 3 
ely 3 214 36 7.48 ; 
4-91-54 208 36 7.00 

4-12-54 232 | 36 | 6.95 | 0.77 | 70.4 
ae 4-10-54 | 250 71 10 | 1.32 | 68.0 
4-26-54 | 178 36 | 4.64 | 75.0 | 
iva 5-3-54 | 238 36 | MO | 218 | 73.5 | 
oleae 5-10-54 | 250 36 200 | 0.86 | 62.3 
Le 5-17-54 | 208 | 36 6.90 | 2.56 | 63.7 

pee 5-24-54 250 | 36 6.96 | 0.86 | 60.6 

pares 5-31-54 | 250 | 36 7.15 | 1.45 | 60.5 

PERIOD | 

XCES' 
“yas 

is 

: 
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" PERIOD Ill | 


ORGANIC 


CONTROL DIGESTER 


SAN 


VOLATILE SOLIDS, POUNDS x 1000 


ORGANIC REMAININ 


MANA 


| 
; 


15 20 


WEEKS 
FIGURE 2.—Volatile solids in control digester. 


digester. The ‘‘excess’’ zones ap- 
peared after sudden changes in load- 
ing. It can be seen from Figures 1 
and 2 that a sudden increase in or- 
ganic loading was reflected in the 
sludge drawn off from one to two 
weeks later. 

To analyze properly the data ob- 
tained, a statistical analysis was made 
correcting the organic balance for a 
detention lag of one week. Statistical 
analysis of the data was made accord- 


TABLE VI.—Loa 


ing to the small-sample theory, the 
vege? tot (7): 

Since reduction in volatile solids is 
the prime function of any digestion 
unit, the statistical analysis was made 
on the volatile solids data. The mean 
for each period and the standard de- 
viations are shown in Table VI for the 
volatile solids balance. It can be seen 
that the load on the control digester 


Volatile Solids (Ib./week) 


increased considerably between Pe- 
riods I and II. The increased load 


dings and Removals 


Control 
Digester 


In 36,300 + 8,530 
Out 18,700 + 5,900 


Removed 17,600 
% Removal 48.5 


In 48,500 + 11,200 
Out 38,600 + 13,100 


Removed 9,900 
% Removal 20.4 


48,400 + 12,000 
20,500 + 11,900 
27,900 

57.8 


Test 


18,400 + 7,560 


20,700 

53.0 
43,500 + 6,600 
21,500 + 9,530 
22,000 

50.0 
40,200 + 14,700 
29,300 + 7,290 


10,900 
27.1 


Volatile Solids (tb./day/eu. ft.) 


Control Test 
Digester Digester 


0.070 


J 
7 
: 
5 10 25 30 
; 
I 39,100 + 8,340 0.075 
Ill In 0.079 0.066 
| 
; Removed 
| 
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came in the form of a shock load on 
the ninth week (see Table II The 
load during Period IL continued high 
14.500 |b. volatile 
per week) Period IL]. Statisti 
cally, there significant differ 
ence in the load to the control digester 
between Periods II and IL]; but there 
was between Periods II 
and III 

The volatile solids removed from the 
control digester reflected the overload 
from 18,700 Ib 
per week during Period I to 38,600 Ib. 
Period II With 
load was 
in digester efficiency 
through Periods If and III. Statisti 
cally no difference between 


(‘a mean of solids 
into 


Was no 


Period I and 


with a mean increase 


per week during 

tabilization of the there 
teady increase 
there wa 
the volatile solids removed during Pe 
riods | and III 
nificant difference between the amount 


riod 


but there was a sig 


removed in and Periods | 
and It] 

The organic load on the test digester 
did not undergo as abrupt a change as 
did the control digester between Pe 
and Il; but 
statistically significant. 
ing Period III did not 
cantly from Periods I or II. 
Thus, it that the 
on the test digester was more uniform 
This 
where the 
test digester 
than in the 
There was consider 


the change was 
The load dur 
vary signifi 


riods | 


either 


can be seen load 


than on the control digester. 
also is shown in Figure 1, 
increase in load in the 


was much more gradual 
control digester 
able variation in loading during Pe 
riod Ill in the test digester, but the 
experiment did not run long enough to 
the effect of the shoek 
load on the 25th week 

The test 
nificant difference in the volatile solids 


fully evaluate 


digester showed no sig 
removed from the digester during Pe 
and Il, but did 
difference between 
Period ITT, 


explanation of the 


a sig- 


Periods | 


riods I show 
nificant 


and I] 
apparent 


and There is no 
sudden 
increase in volatile solids removed. be 
load on the 


decreased 


cause the digester was 


actually rather than in 
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creased and the load during Period 
II had been relatively steady. 
Considering the variation in organic 
loadings to the test digester and the 
control digester, it is not CASS 
pare the 


to com 
Aside from 
the load to 
the control digester was significantly 
higher than the test di- 
With regard to the volatile 
solids removed, there was no difference 
between the digesters during Period 


two digesters. 
the load during Period I. 


load on the 


gester 


l; but the control digester showed sig 
nificantly higher results than the test 
digester during Period II and signifi- 
cantly lower results during Period III. 
that signifi- 
cantly lower results were obtained dur- 
ing Period II] 


loading. 


It is interesting to note 


in spite of a higher 
Discussion 

It would seem that if Bioneties aids 

digestion, its addition to a poorly op- 

erating or overloaded digester should 

number of vari- 

The pH should increase, the 


cause changes in a 


ables, 


total solids in the supernatant liquor 


should decrease and, most important, 
the percentage of volatile solids in the 
digested sludge and the supernatant 
should decrease. These changes should 
be noticeable in the supernatant liquor 


sooner than in the 


sludge 
because of the more rapid displace- 
ment of the supernatant liquor and 


because the biocatalyst would have a 


digested 


higher coneentration in this region of 
the digester 

The problem studied is a common 
one to sewage plant operators. The 
permanent solution to the problem of 
unheated uncovered digesters with 
thick seum layers is the modification of 
these units to satisfy the modern de 
sign criteria of external heat exchang- 
ers, covers to prevent loss of heat and 
to recover gas for heating, and mixing 
of the eontents to insure proper con 
tact between the microorganisms and 
the organic matter The temporary 
solution of the problem through the 
use of biocatalysts would have been 


a boon to the sewage treatment field, 


< 
P 
an 
| 
| 
: 
| 
os 
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but it was found through this plant- 
scale study that the addition of one 
biocatalyst did not aid digestion. The 
scum layer was not changed in the 
test digester. Thus, Bionetics was not 
the solution to the problem at San 
Antonio. 

As pointed out by previous investi- 
vations, the biocatalysts can function 
as claimed by the manufacturers only 
if the microorganisms normally pres- 
ent in a properly operating digester 
are absent and are not being added 
in the raw sewage and the environ- 
mental conditions in the digester are 
satisfactory for growth of the organ- 
isms added by the biocatalyst. The 
digesters at San Antonio were not un- 
der the usual adverse environmental 
conditions of low pH. But even in 
the presence of proper environmental 
conditions the addition of selected 
microorganisms in the form of a bio- 
catalyst failed to bring about addi- 
tional stabilization of the organic mat- 
ter. The volatile solids content in the 
digested sludge ranged from 5 to 10 
per cent above that obtained in good 
digested sludge having similar volatile 
solids in the raw sludge and was ap- 
proximately 5 per cent higher than 
average results obtained over the past 
20 years. The higher volatile solids 
content was due in part to the de- 
creased time the solids actually re- 
mained in the tank, Based on the 
operating data presented in this re- 
port, there is little doubt that the 
digesters are performing at their opti- 
mum efficiency under the present op- 
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erating conditions. Removal of the 
present scum layer and prevention of 
its recurrence would provide  suffi- 
cient capacity to improve operation 
effectively until the proper structural 
changes can be made to permit maxi 
mum operation under present practice. 
Removal of the scum layer will have 
to be done by mechanical means, since 
both the biocatalyst used in this study, 
and the one used in a previous study 
failed to reduce the scum layer. 


Summary and Conclusions 


1. A 28-week study was made of two 
open digesters. During 12 weeks of 
this period Bioneties was added to one 
of the digesters at a rate recom 
mended by the manufacturer. 

2. No significant reduction in seum 
was noted in the digester to which 
the biocatalyst was added. 

3. No significant changes were noted 
in the pH, total solids, and volatile 
solids of the supernatant liquor or di 
gested sludge of the test digester. <A 
solids balance failed to reveal any 
marked improvement in digestion. 

4. It is believed that the experi. 
mental data presented support the a 
priort reasoning of Heukelekian and 
server that the addition of bacterial 
cultures and enzymes to sewage solids 
cannot result in material improvement 
in digestion. 
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THE CINCINNATI SEWAGE DISPOSAL PROGRAM * 


By D. Caster 


Sewage Disposal Engineer, City of Cincinnati, Ohio 


Although there are many phases of 
the Cincinnati sewage disposal pro- 
gram, this paper deals primarily with 
the financing and industrial waste 
ordinance phases. It is appropriate, 
however, to discuss briefly the history 
of the program and to touch briefly 
on present construction progress. 

As early as 1912 an engineering re- 
port on a sewerage plan for Cincin- 
nati, Ohio, pointed out the problems 
now facing that city and in process of 
solution. 

That report also anticipated the then 
future necessity for treating the sew- 
age of the city and its surrounding 
municipalities, which under the pres- 
ent program include 23 participating 
political subdivisions (Figure 1). 

By 1938, due to the inerease in pol- 
lution of the Ohio River, the necessity 
of treating became a _ real- 
ity. In late summer of that year, 
therefore, Cincinnati’s council passed 
enabling legislation directing the city 
administration to conduct a survey to 
formulate a plan for the disposal of 
sewage. Consulting engineers were re- 
tained to make this survey, and in 
July 1941 a report on a plan for the 
disposal of sewage was submitted. 

Basically this report outlined a con- 
struction program estimated to require 
seven years and cost $19,500,000. It 
called for the immediate construction 
of two sewage treatment plants, four 
pumping stations, and four intercept- 
ing sewers, with two additional sew- 
age treatment plants with the neces- 
sary pumping stations and intercepting 


sewage 


* Presented at 27th Annual Meeting, Fed- 


eration of Sewage and Industrial Wastes 
Assns.; Cincinnati, Ohio; Oct. 11-14, 1954. 


sewers to be built at a future date. 
The plants were to be built for pri- 
mary treatment only. The City Coun- 
cil accepted the report and set up the 
program for $17,000,000, delaying the 
lower river plants until a future date. 

The start of the program was the 
drawing up of plans and specifications 
for the Little Miami Sewage Works, 
and contracts were to be let in 1941. 
Due to World War II, the plans were 
shelved and it was not until 1945 that 
disposal of sewage again was consid- 
ered in Cincinnati. 

At that time a committee of engi- 
neers and city officials throughout the 
county was formed to establish a 
method to finance the sewage disposal 
program. It was finally agreed that 
Cincinnati would administer the pro- 
gram and 25-year contracts would be 
signed by the surrounding communi- 
ties and Hamilton County. This was 
not unusual, because the contributary 
sewage from the outlying communi- 
ties flowed through Cincinnati to the 
Ohio River. Therefore, the Cincin- 
nati metropolitan sewage disposal pro- 
gram is administered, operated and 
maintained by the City of Cincinnati, 
with all 24 participating communities 
paying the same rate per 100 cu. ft. of 
sewage treated. 

Collection of the monies began in 
July 1948, and the first plant was 
placed under construction in January 
1951. By that time, nearly $4,500,000 
had been collected in advance and it 
was possible to obtain a very fine in- 
terest rate of 1% per cent for the 
$5,000,000 worth of bonds sold in 1951. 
Again war, in Korea, slowed down 
construction. 
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FIGURE 1.—Metropolitan area of Cincinnati, Ohio, included in sewerage studies. 


In October 1953 the first sewage 
treatment plant, known as the Little 
Miami sewage works, was placed in 
operation. This plant (Figure 3), 
serving an area of 27 sq. mi. with a 
population of 120,000 people in the 
eastern section of the city, was de- 
signed for a maximum flow of 29 
m.g.d. based on 240 p.p.m. B.O.D. and 
270 p.p.m. suspended solids. The plant 


and its appurtenances cost a little 
more than $5,500,000. 

In the meantime, the existing rate 
structure was shown to be inadequate 
to support the entire sewage disposal 
program, due to a 176 per cent in- 
crease in construction costs from 1941 
and increased treatment necessary be- 
cause of the tentative standards as set 
forth by the Ohio River Valley Water 
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FIGURE 2.—Location of interceptors and treatment plants. 
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FIGURE 3.—Cincinnati’s Little 


Sanitation the fact 
that treatment plants would have to be 
constructed the river 
The revised program was estimated at 
$47,000,000; new rates (see Table | 

were placed in effect in February 1953 
and revenues are now being collected 
at the rate of approximately $3,000,000 
a year on the sewerage service charge 


Commission, and 


in lower area 


The sewerage service charge is col 
lected by the depart 


ments of the cities serving the 24 com 


water works 
munities in the agreement. The charge 
is simply added as a separate item 
the water bill tilling expenses 
up to 3 per cent of the collection are 
allowed 


on 


The Program 


The program consists primarily of 
the previously mentioned Little Miami 


TABLE I. Relationship Between Sewer 
Service Charge Rates Before and After 
February 1953 


Rate ($/100 eu. ft 


Water implion 
(100 eu, ft er 


Hefore 
Fet 1055 


After 
Feb., 1054 


0-600 
1,400 
5,000 

20,000 

30,000 


from 0.06 

0.054 
0.048 
0.046 


0.03 


0.08 
0.08 
0.072 
0.072 
0.056 


next 
next 
next 
over 
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Miami sewage treatment plant. 


sewage works, and the Mill Creek sew 
age works, which is designed to treat 
120 m.g.d. of sewage containing highly 
concentrated industrial wastes contain- 
ing 400 p.p.m. B.O.D. and 500 p.p.m. 
suspended solids. The Mill Creek plant 
is to be a modified primary plant con 
sisting of primary treatment with the 
additional facilities for flocculation 
and chemical treatment during the low 
flows in the Ohio River in order to 
maintain 4 p.p.m. of dissolved oxygen 
at the bottom of the oxygen sag curve 
below Cincinnati in the Ohio River. 
The $22,000,000 construction pro- 
gram of the Mill Creek sewage works 
is being broken down into contracts of 
from $2,000,000 to $5,000,000 
In October 1954 construction 
underway on 12 110-ft di 
32 ft. deep. Contracts for the 
administration building and the power 
service building were being let, and 
$3,000,000 of outfall and intercepting 
sewers were under construction. 


each. 
Was 
diameter 


gesters 


A new has been 


report made 
whereby it is hoped to be able to com 
bine the lower river plants into one 


plant. Although the construction costs 


of this plant with its approximately 


of 
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with deleting part of the intercepting 
sewers, the lower operating and main- 
tenance cost of the single plant over 
a period of 25 years will more than 
justify the use of one plant. 

Financially the sewage disposal pro- 
gram at the present time is in very 
good shape. As of July 1, 1954, 
22,500,000 worth of bonds had been 
issued, but the reserve fund for pay- 
ment of bonds amounted to $11,910,626 
and there was $160,215 in the replace- 
ment capitalization equipment reserve. 
This seems like a large reserve for 
bond payments, but in 1956 more will 
be paid out in bond principal and 
interest payments, together with op- 
eration and maintenance costs, than is 
received in revenue. This will con- 
tinue until 1976, when the reserve 
fund will begin reducing until there 
is only about $200,000 in reserve, a 
very narrow margin. 


Organization 


Of interest is the sewage disposal 
program’s organization chart (Figure 
4), which, of course, is still flexible. 
It is noted that there is an Office Ad- 
ministration Section, a Sewerage Serv- 
ice Charge and Industrial Waste 
Section, and an Operating and Main- 
tenance Engineering Section. This last 
section includes the planning design, 
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stream pollution abatement, engineer- 
ing, janitorial, and maintenance 
groups, as well as the power supply 
group for the Mill Creek sewage 
works. Each treatment plant, of 
course, has its operation, laboratory, 
and maintenance groups, plus any 
special groups required in the particu- 
lar plant. 

In October 1954, 81 of the 94 ap- 
proved positions were filled. These do 
not inelude personnel for the Mill 
Creek sewage works, or the mechanical, 
electrical, civil or janitorial sections 
of the operating and maintenance en- 
gineering group. The total anticipated 
personne! will be approximately 225. 


Industrial Waste Section 


An Industrial Waste Ordinance 
(No. 25-1953) was passed on January 
21, 1953, by the City Council. The 
authorizing paragraph reads as fol- 
lows: 


** Authorizing and directing the City 
Manager to make and enforce Rules 
and Regulations governing the dis- 
charge of sewage, industrial wastes 
and other matters into the Cincinnati 
Metropolitan Sewage System, estab- 
lishing rates of surcharge and defining 
terms.”’ 
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FIGURE 4.—Organization chart for Cincinnati sewage disposal program. 
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The ordinance basically defines 
terms and establishes the limits of 
‘‘normal’’ sewage to the City of Cin- 
cinnati as 240 p.p.m. B.O.D. and 300 
p-p.m. suspended solids. It also pro- 
vides that a surcharge shall be placed 
upon industries for any wastes above 
normal sewage strength so that the 
additional cost of building a sewage 
treatment plant for the City of Cin- 
cinnati over and above what can be 
considered normal would be paid for 
by industry rather than to have each 
industry provide pre-treatment fa- 
cilities and bring its sewage within the 
range of normal sewage. A formula 
sets forth a basis of charge of two 
constituents, suspended solids and 
B.O.D. It gives credit for percentage 
of treatment provided and is devised 
in such a way that one can readily 
convert the p.p.m. of suspended solids 
and B.O.D. back to cubie feet of flow, 
which is a base unit of charge and 
is recorded on cards for direct ma- 
chine billing. 

The industrial waste surcharge 
formula is set forth as follows: 


The basis of the surcharge shall be deter 
mined on either or both, of two constituents 
of the water or wastes: 

(a) Total suspended solids, and 

(b) B.O.D., 5 days at 20 degrees Centi 
grade and as herein provided. 


When either or both the total suspended 
solids and B.O.D. of a water or waste ac 
cepted for admission to the city sewage 
works exceeds the values of these constitu 
ents for ‘‘ Normal’’ sewage, the excess con 
centration in either or both, as the case may 
be, shall be evaluated volumetrically in terms 
of ‘‘Normal’’ sewage and be subject to sur 
charge on the volume derived in accordance 
with the following formula: 

Sv = (Sw-2500) x 0.65 x F x 133,690 

2500 
plus (Bw-2000) x 0.65 x F x 133,690 
2,000 


which reduced to its simplest form is 
(Sw-2500) 35 plus 
(Bw-2000) 43}. 
where Sv is the derived volume of wastes in 
cubie feet subject to surcharge. 
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Sw—the pounds per million gallons of sus- 
pended solids in the wastes as discharged. 

2,500—the pounds per million gallons of 
suspended solids in the ‘‘Normal’’ sewage. 

Bw—the pounds per million gallons of 
B.O.D., in the wastes as discharged. 

2,000—the pounds per million gallons of 
B.O.D. in ‘‘Normal’’ sewage. 

0.65—Factor allowance for 65% degree of 
purification. 

(Present B.O.D. requirement for Cincin- 
nati Pool established by Ohio River Valley 
Water Sanitation Commission). 

F—the flow expressed in million gallons of 
the wastes as discharged. 

133,690—Factor to convert million gallons 
to eubic feet. 

The equivalent volume of ‘‘Normal’’ sew- 
age as derived from the excess above the 
normal strength of any water and wastes 
shall be subject to a surcharge for the volume 
of equivalent ‘‘ Normal’’ sewage as computed 
from the formula, at a flat rate of three 
(3) cents for each 100 eubiec feet, as above 
computed. 


Disregarding the formula, the rate 
per pound of B.O.D. over normal sew- 
age is $0.0129 and the rate per pound 
of suspended solids over normal sew- 
age is $0.0105. The ordinance also 
provides for the City Manager to make 
and enforce rules and regulations, es- 
tablishing the type and characteristics 
of sewage and industrial wastes, and 
other matter not admissible to the Cin- 
cinnati metropolitan sewage system. It 
defines the types and strength charac- 
teristics of sewage and _ industrial 
wastes admissible to the system after 
pre-treatment. It provides for a board 
of arbitration in case the findings and 
decisions of the City Manager are not 
acceptable by industry. It should be 
pointed out, however, this last provi- 
sion has never had to be used as all 
differences of opinion have been 
worked out in conference to the satis- 
faction of industry and the city. 

An unusual feature of the ordinance 
is known is Section 6 and Section 7. 
Under these sections, an industry 
could sign a special agreement with the 
city wherein the industry agreed to 
provide pre-treatment facilities for 
lowering the strength of its wastes and 
for removing wastes considered non- 
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admissible to the sewers, said facilities 
to be in operation 12 months from the 
date of the start of the collection of 
sewerage surcharge. The agreement 
stipulated that if an industry fulfilled 
these requirements, said industry 
would be refunded the difference be- 
tween what it had been paying under 
the sewerage surcharge and what it 
would have paid if the pre-treatment 
facilities had been in operation for the 
previous 12 months. Some 26 com- 
panies took advantage of this agree- 
ment program and at the present time 
approximately $89,480 has been re- 
funded to five companies. Additional 
charges of $146,000 have been made to 
companies whose final analyses made 
by the city forces showed the charge, 
based on the company’s original 
analyses, were too low. 

The Ordinance is short, primarily 
defining what industrial waste is, a 
method of collection, a method of arbi- 
tration, and a method of recapturing 
money spent for pre-treatment facili- 
ties. The one important part is that 
it does give the City Manager the 
right to set forth rules and regulations. 
The primary reason for a short concise 
ordinance with the right to make rules 
and regulations, is that it is a known 
fact that it’s much easier to make 
rules and regulations than to try to 
amend an ordinance through any 
council. Any amendments to the 
Rules and Regulations are carefully 
analyzed by the city's attorney before 
they are signed by the City Manager 
and put into effect. 

The Rules and Regulations establish 
a uniform procedure in the setting up 
of the sewerage surcharge, and main- 
tain equity in the billing through- 
out the metropolitan area. Under 
Section 3 of the Rules and Regulations, 
the prohibitions and non-admissible 
wastes are listed. It is to be noted 
that approximately 85 per cent of the 
prohibitions listed under Section 3 
have been contained in the city’s 
Building Code for a great many years. 
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This is the first time, however, that 
they have all been brought together 
under one common heading, so that 
industry can actually see the prohibi- 
tions, although lawyers say that ig- 
norance of the fact is not admissible 
under the law. The second interesting 
portion of the Rules and Regulations, 
as far as prohibitions to the sewers, is 
that there is no limit on the metal 
concentrations as they come from any 
particular industry, when its metal 
strength could be lost in the total flow 
coming to the sewage treatment works. 
Instead, it is stated as follows: 


‘That materials such as copper, 
zine, chromium and similar toxie sub- 
stance shall be limited to the follow- 
ing average quantities in the sewage 
as it arrives at the sewage treatment 
plant, and at no time shall the daily 
concentration at the sewage treatment 
plant exceed three times the average 
concentration : 


Iron, as Fe 15 p.p.m, 
Chromium, as Cr (hexavalent) 5 p.p.m. 
Copper, as Cu 3 p.p.m. 
Zinc, as Zn 2 p.p.m. 


Chlorine demand 30 p.p.m. 


Contributions from individual estab- 
lishments are subject to control in vol- 
ume and concentration by the City 
Manager. Metals are not anticipated 
in concentrations larger than stated. 
However, the office has record sheets 
(Figure 5) on all industries, listing 
their contributions of the various 
metals. These records make it possible 
to determine the various industries 
contributing that particular metal, 
and to talk to them about reducing 
their particular wastes, if necessary. 

The prohibitions otherwise are for 
the protection of the sewers and those 
who are working in the sewers. To 
that extent, it should be noted that 
the industrial waste surveys have lo- 
cated some acid conditions that have 
damaged the city sewers. Reports of 
acid conditions within the city limits 
are directed to the Highway Main- 
tenance Division. This agency inspects 
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FIGURE 5.—Industrial classification form. 


the sewers for extent of damage and 
prepares an estimate of the cost of 
repair or replacement to return the 
conduit to its original service. The 
industry is then called in for confer- 
ence and is informed of the extent of 
damages to the conduits, the costs of 
repair or replacement, and that the 
city holds them responsible for pay- 
ment, 

To date more than $135,000 has been 
collected from various industries for 
damage done to the city sewers with- 
out going to court. The Highway 
Maintenance Department has _ these 
monies in a special fund, which can 
only be used for repairing or replace- 
ment of the damaged sewers. This 
procedure has made industry cogni- 
zant of the fact that when they dis- 
charge deleterious materials into a 
sewer and damage the conduits, they 
are held responsible and will be ex- 
Acid condi- 
communities are 
to their attention. 


pected to pay for same. 
tions in the 
directed 


other 


Gaging, Sampling and Laboratory 
Operations 


Setting up the procedure for the 
gaging, sampling and laboratory pro- 
cedures, in order to adequately make 
a complete survey of the industry in 
the metropolitan area, has been a tre- 


mendous job. Some idea of the vol- 
ume of work that is expended to ade- 
quately maintain, police, and admin- 
ister the industrial waste ordinance 
may be obtained from the following. 

The first step taken was to compile 
a list of industries by type of waste. 
The sources of the original data were 
the ‘‘Book of Industries’’ of the 
Chamber of Commerce, the classified 
section of the local telephone book, the 
descriptions of water company connec- 
tions, and personal investigation. Pre- 
liminary questionnaires seeking gen- 
eral information as to the name of the 
business, address, operation, hours of 
operation, number of employees, water 
supply, and nature of the waste, were 
mailed to more than 1,900 companies. 

Of the original 1,900 mailed, 1,300 
replies were received immediately and 
an additional 460 were received after 
three reminder letters; that is, 1,760 
questionnaires were answered, or 97 
per cent of the companies replied. Of 
the replies received, 902 indicated no 
further action was necessary and were 
placed in a closed file. Some addi- 
tional companies were picked up and 
a more complete questionnaire asking 
for a complete analysis of the wastes 
was sent out to 931. Again, after six 
reminder letters, 879 replied. As of 
July 1, 1953, only 30 companies had 
given complete analyses of their 
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TABLE Il.—Types and Numbers of Industries 
Subject to Sewerage Surcharge 
Type Number 


Laundry 

Meat packing 
Food products 
Metal processing 
Dairy products 
Chemical 
Lithography 
Brewery and distillery 
Textiles 
Ceramics 
Miscellaneous 
Paper 

Tannery 

Soap 

Railroad yards 


Total 


wastes, but by October 1, 1954, 193 
companies had responded. 

Review of the 879 questionnaires 
showed that 272 companies (Table I1) 
were subject to the service surcharge. 
The remainder were placed in the open 
file for further study. Laundries are 
charged $0.251 per 1,000 lb., based on 
the weight of dry wash each month; 
linen suppliers are charged $0.218 per 
1,000 lb., based on the dry weight of 
towels washed per month; dairy prod- 
ucts companies are charged $0.395 per 
1,000 lb. of skim milk processed. 

The second step was gaging, sam- 
pling, and laboratory analysis. The 
several operations involved in the gag- 
ing, sampling, and analysis of the 
wastes from a particular industry may 
be classified under three headings: (a) 
preliminary investigation, (b) gaging 
and sampling, and (c) laboratory 
analysis. 


Preliminary Investigations 


After it has been decided by the 
industrial wastes unit that a particu- 
lar industry is to be scheduled for 
gaging and sampling, a preliminary 
study is made to determine the types 
and sources of wastes being discharged, 
the sampling points to be used, the 
types of flow measuring devices to be 
employed, the hours of the day during 
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which samples are to be taken, the 
over-all duration of the program, and 
a general idea of the specific analyti- 
cal determinations which will be made. 

This information is obtained from 
the questionnaires returned by the in- 
dustries, by field investigations, from 
the sewer tap records, or by a combi- 
nation of these expedients. Most of 
the information can be obtained from 
the completed questionnaires, which in- 
clude a plant layout of building, sew- 
ers, and sampling point locations. In 
many cases, however, the question- 
naires were returned incomplete, and 
the missing information must be ob- 
tained by field observation and study 
of sewer tap records. 

An idea of the types and constitu- 
ents of the wastes being produced 
at a plant can be formulated by know- 
ing the kinds and quantity of raw 
materials used in both the manufac- 
tured products and the manufacturing 
processes. A field investigation by 
personnel of the industrial wastes unit 
will disclose such information as 
sources of wastes, the best sampling 
points, and flow measuring devices best 
suited to the sampling points. 

Knowledge of the hours of operation 
of the plant, and the variations of 
plant processes during the day and the 
week, can be used to establish the 
times and duration of the sampling 
program, and the frequency of sam- 
pling. 


Gaging and Sampling 


After the gaging and sampling pro- 
gram has been set up through the 
preliminary investigations, a field 
crew is sent out to establish the sam- 
pling stations and to install the 
sampling and flow measuring devices. 
Weirs, including 90° V-notch, ree- 
tangular, and circular weirs, are most 
commonly used to measure flows, the 
90° V-notch type being most preferred. 
However, in some installations, usually 
involving low or intermittent flows, 
the volumetric method, requiring the 
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use of a stop watch and a container 
of known volume, is used. In other 
instances, where weir installations are 
impractical, the depth-slope method of 
flow measurement is used. Generally, 
every sampling point presents differ- 
ent problems in selection and installa- 
tion of flow measurement devices. 

The Sewage Disposal Section has de- 
signed two steel weirs (Figure 6), of 
48-in. and 30-in. Adjust- 
able side pieces have been designed to 


basic size. 


be added to each basic weir, increas- 
ing its size so that each weir can be 
utilized for three sewer sizes; that is, 
the 48-in. weir can be expanded to 60 
in. and 72 in., the 30-in. weir expands 
to 42 in. and 54 in. An adjustable steel 
arch band was designed to lock the 
various size weirs in place, eliminating 
the drilling of holes in the sewer. The 
life usage of the steel weirs is endless 

After the stations are set up, they 


FIGURE 6.—Expandable steel V-notch gaging weir used for industrial 
discharge measurements. 
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are manned by gaging and sampling 
personnel, who work on 8-hr. shifts for 
as many shifts as determined by the 
duration of flow. For most of the 
larger industries, gaging and sampling 
is conducted around the clock for five 
to seven days, at intervals varying 
from 15 to 30 min. according to the 
type of flow. 

It is the responsibility of gaging and 
sampling personnel to collect the sam- 
ples at the required time intervals, 
and at the same time obtain the flow 
readings and determine the pH of the 
samples. These data are recorded on 
field sheets along with notes of any 
unusual occurrences, weather or other- 
wise. Individual grab samples are 
composited, in proportion to flow, into 
24-hr. composite samples by field per- 
sonnel. A 24-hr. composite from each 
station is taken daily to the laboratory 
for analysis. Samples are preserved 
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by refrigeration in the field and every 
precaution is made to exclude dirt and 
other foreign matter which might af- 
fect the analysis. 


Laboratory Analysis 


It is the work of the Industrial 
Wastes Laboratory, at present located 
at the Little Miami sewage treatment 
works, to perform the necessary chemi- 
cal analyses on the samples collected 
in the field. All samples, regardless 
of source, are analyzed for suspended 
solids, B.O.D., pH, and ether soluble 
matter. Other determinations are 
made, depending on the nature and 
sources of the wastes. Spot tests are 
used which indicate qualitatively the 
presence or absence of other constitu- 
ents which are in violation of the rules 
and regulations. If a positive spot 
test on any constituent is obtained, a 
quantitative analysis is then carried 
out to determine the quantity of the 
substance indicated. 

The laboratory recently purchased a 
spectrophotometer with ultraviolet at- 
tachments. This device is being used 
extensively for the colorimetric de- 
termination of metallic ions in sewage. 
The highly sensitive apparatus is of a 
type used by the U. 8S. Bureau of 
Standards, and results obtained with 
it are accepted as standard by ana- 
lytical laboratories all over the 
country. Another use to which the 
spectrophotometer will be put is for 
the analysis of organic matter in the 
wastes by the ability of such material 
to absorb ultraviolet light. With the 
proper attachments, the apparatus can 
also be used for flame determinations. 

All determinations are made accord- 
ing to the procedures set forth by the 
latest edition of ‘‘Standard Methods 
for the Examination of Water and 
Sewage.’’ 

Final analysis data are conveyed to 
the industrial wastes unit, where they 
are assimilated into over-all final re- 
sults, which are then used to compute 
the sewerage surcharge and form the 
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basis for proper action against pro- 
hibited constituents. 

Of interest is a monthly report of 
the work load of the laboratories. 
During June 1954, 383 determina- 
tions were made on 46 composite sam- 
ples, which in turn were composed of 
3,838 field grab samples from eight 
companies. 

Problems encountered in the appli- 
cation of the surcharge on industrial 
wastes stemmed mainly from the dif- 
ferences in the methods in gaging and 
sampling of wastes, and subsequent 
chemical determination of the strength 
of constituents. 

Many of the analyses from industry 
differed greatly with the results ob- 
tained in the industrial wastes labora- 
tory and the difference in the analyses 
can be attributed to the departure, by 
industry, from the ‘‘Standard Meth- 
ods,’’ and lack of proper sampling and 
gaging methods. 

Of a total of 41 companies gaged 
and sampled by city forces, and hav- 


ing previously submitted analyses of 
their own, 24 showed higher waste 
strengths by city analysis than by 


company analysis and 17 showed 
higher waste strengths by company 
analysis than by city analysis. In no 
instance were the city analyses equal 
to the company analyses. Five com- 
panies originally not subject to the 
sewerage surcharge because their own 
analyses indicated less than ‘‘normal’’ 
strengths, have been charged the sur- 
charge because the city’s analy- 
ses indicated greater than ‘‘normal”’ 
strengths. Conversely, the sewerage 
surcharge was dropped from two com- 
panies as a result of the city’s analy- 
ses showing lower strengths than the 
companies’ analyses. For 17 com- 
panies the surcharge was increased as 
a result of city gaging and sampling, 
and for 13 companies the surcharge 
was decreased as a result of city gag- 
ing and sampling (Table III). 

To explain the differences between 
the city’s analyses and the companies’ 
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Industry Classification 
Creamery, milk industry 
Slaughter and meat packing 
Food products 
Leather and tannery 
Textiles and cloth manufacturing 
Metal processing and plating 
Chemical 
Ceramics, asphalt, masonry 
Dry cleaning, laundry 
Railroad yard 


analyses is difficult, since in most cases 
the companies failed to submit an ac- 
count of their sampling procedures 
along with their analyses. In many 
instances, however, company gaging 
and sampling techniques were faulty, 
resulting in failure to obtain repre- 
sentative samples of wastes for final 
analysis. The most frequently en- 
countered errors in sampling and gag- 
ing techniques are listed as follows, 
along with a typical example for each 
type: 


1, Analysis of one grab sample not 
representative of the total flow. Ez- 
ample:—A small meat packing com- 
pany submitted to the city the analysis 
of one grab sample taken from a dirty 
sump. Analysis of this sample showed 
2,165 p.p.m. B.O.D. and 3,643 p.p.m. 
suspended solids. A city sampling and 
gaging program which included sam- 
pling of all flows at 15-min. intervals 
and compositing proportional to flow 
showed 633 p.p.m. B.O.D. and 473 
p.p.m. suspended solids. As a result 
of correct sampling and gaging pro- 
cedures by the city, the surcharge for 
this company was reduced by nearly 
90 per cent. 

2. Failure to composite individual 
grab samples proportional to the flow 
rate. Example:—aA large poultry kill- 
ing and dressing plant sampled their 
wastes at regular time intervals and 
composited their samples by equal por- 
tions without taking flow rate into 
consideration. Analysis of the result- 


Number of 
Companies Compared | Greater than City's 
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Companies’ Analyses | Companies’ Analyses 


Less than City's 


ing composited samples showed 2,400 
p-p.m. B.O.D. and 2,884 p.p.m. sus- 
pended solids. City forces gaged and 
sampled the wastes at the same sam- 
pling points, but the composite was 
made proportional to flow rate, which 
produced an analysis of 488 p.p.m. 
B.O.D. and 265 p.p.m. suspended sol- 
ids. In this case the surcharge was 
reduced by 94 per cent. 

3. Failure to include all points of 
discharge into city sewers in the gag- 
ing and sampling program. Ezample: 

A large baking company gaged and 
sampled their process wastes, but did 
not include their cooling water in the 
program. Their analysis showed 
14,100 p.p.m. B.O.D. and 4,767 p.p.m. 
suspended solids. The city analysis of 
samples which included the cooling wa- 
ter showed 5,920 p.p.m. B.O.D. and 
3,482 p.p.m. suspended solids. The 
surcharge was reduced approximately 
50 per cent by using correct proced- 
ures. 


4. Failure to sample and gage at 


sufficient time intervals and over a 
sufficient time period to obtain repre- 
sentative samples of flow from all proc- 
esses during total operation periods. 
Ezample:—A tannery whose proc- 
esses vary considerably from hour to 
hour and day to day engaged an out- 
side firm to gage and sample their 
wastes. All waste discharges were in- 
cluded in the program and samples 
were composited correctly, but samples 
were taken only every hour over a 
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single 24-hr. period. The resulting 
final analysis showed 190 p.p.m. B.O.D. 
and 525 p.p.m. suspended solids. City 
forces gaged and sampled these wastes 
at 15-min. intervals over a period of 
five consecutive days. Weighted aver- 
ages of the strengths produced final 
results of 372 p.p.m. B.O.D. and 1,424 
p.p.m. suspended solids. This com- 
pany’s surcharge was increased about 
570 per cent by the use of correct 
procedures. 

5. Improper selection of sampling 
points and improper sampling tech- 
niques. Ezample:—A plant produe- 
ing commercial inorganie chemicals 
was gaged and sampled by city forces. 
Because of a lack of sampling points 
at which all wastes could be properly 
sampled and gaged, and due to blind 
connections into the street sewer, 
wastes were sampled from the street 
sewer above and below the plant and 
final strengths determined by differ- 
entiation. However, the wastes of this 
industry were such that chemical 
changes were produced in the total 
flow between the sampling points and 
negative results were obtained. This 
analysis could therefore not be used to 
apply the surcharge and another 
method of sampling had to be devised. 

6. Improper selection, installation, 
functioning, and reading of flow meas- 
urement devices. Ezample:—A large 
meat packing company spent a con- 
siderable sum for installation of pre- 
treatment equipment for their wastes. 
Included in the design was a manhole 
to be used for gaging and sampling. 
When city forces tried to install a weir 
in the gaging manhole it was found 
that the channel through the manhole 
was too small for the volume of flow 
and that the elevation of the manhole 
was such that any obstruction would 
back the flow up into the treatment 
device. The gaging manhole was thus 
totally useless for gaging purposes and 
flow measurement had to be accom- 
plished in another manhole. 
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Comments on Gaging and Sampling 
Program 


It is necessary that every phase of 
the industrial wastes gaging and sam- 
pling program be carried out to the 
highest practical degree of care and 
precision, since the results are the 
basis of charge to the industries. In- 
stallation men must use every precau- 
tion to install flow measurement de- 
vices correctly and permanently. 
Gagers and samplers must be able to 
read flow measurement devices cor- 
rectly and accurately and to perform 
the necessary field caleulations per- 
taining to compositing the samples. 
They must use all precautions to col- 
lect samples properly and to keep all 
dirt and foreign material out of the 
samples. Laboratory personnel must 
be capable of performing the necessary 
analyses with the degree of precision 
and accuracy required in any analytic 
laboratory. 

The difficulties encountered in this 
program are frequent and numerous. 
Nearly every industry to be gaged and 
sampled presents its own unique prob- 
lems in the form of location of sam- 
pling points, and difficulties in installa- 
tion of gaging apparatus. To meet 
these problems, field supervisors and 
installation men are called upon to 
use both imagination and ingenuity. 

The city is constantly searching for 
new methods and techniques of gag- 
ing, and sampling, and analysis of 
industrial waste. The laboratory is 
equipped with the latest instruments 
and apparatus to insure accurate and 
quick determinations. Field equip- 
ment has been purchased and used to 
greatly decrease the human error ele- 
ment in sampling and gaging. Up-to- 
date techniques are constantly being 
studied and used. A field trailer 
(Figure 7) has been built with a re- 
cording pH meter, a recording flow 
meter and a self-contained power plant 
for use where power from industry is 
not available. The trailer is pulled 
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FIGURE 7.—Field trailer for gaging and 
sampling of industrial wastes includes self- 
contained power plant. 


up to a manhole or observation point 
and gives a positive printed record of 
the conditions found at the industry 
being gaged and sampled. Where an 
industry disagrees with the city’s 
analyses, a rerun may be made, with 
the industry paying either one-half 
the cost or the total cost of the rerun, 
depending on the circumstances. The 
city has experienced four such situa- 
tions since the surcharge was placed 
into effect. The results are given in 
Table IV, which shows that three out 
of the four reruns resulted in higher 
strengths, with resultant increases in 
the sewerage surcharge. (In Table 
IV, K is the rate of sewerage sur- 
charge per unit volume of water used. 
It is determined by applying the de- 
termined B.O.D. and suspended solids 
concentrations to the surcharge for- 
mula. ) 
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Surcharge Set-Up Practice 


To set up sewerage surcharges with- 
out the advantage of specific analyti- 
cal data was not easy. In the event 
that a plant or premise failed to send 
the city an analysis of the waste dis- 
charged to the sewer system, such 
charges were based on comparable fig- 
ured charges, based on city analysis 
of companies having similar processes, 
or on figures of that type of industry 
available from statistics of the U. S. 
Public Health Service or other avail- 
able national figures. 

Conversely, after a gaging and sam- 
pling operation and subsequent chemi- 
cal analysis made by city forces, this 
office has found, in some instances, that 
applied figures used from other sources 
did not apply to some types of manu- 
facturing processes. The results found 
are applied to the local situation only, 
and are believed to be true results de- 
veloped from careful observations, 
sampling and measurements of flow 
wastes, and laboratory procedure as 
directed by ‘‘Standard Methods.’’ 

The development and application of 
the sewerage service charge and the 
sewerage surcharge has made industry 
water conscious. In fact, many com- 
panies have re-evaluated their water 
supply facilities and have subse- 
quently introduced conservation pro- 
grams. Table V shows that in three 
local breweries as water usage in- 
creases, the strength of the wastes de- 


TABLE IV.—Comparison of Results Between Initial City 
Analyses and Company Requested Reruns 


ist Analysis 


Ether 
B.O.D, Sol 


(p.p.m.,) 


| we 
| (p.p.m.) 


| 


770 
657 


j Industrial laundry| 
B | Industrial laundry} 
Cc Domestic laundry 420 170 


D | Industrial laundry} 2,300 | 1,628 | 


1,407 
355 | 
603 

1,837 


(p.p.m.) 


1,182 | 
500 | 


| 0.272874 


2nd Analysis 


Ether- Kt 
Sol (8/100 
(p.p.m.) eu, ft.) 


Susp 
Sol. 
(p.p.m,)} 


B.O.D 


(8/10 
$/100 p.p.1n.) 


eu, ft | 
0.115365 1,195 | 
0.037219 529 | 
0.014508 539 
1,199 


2,265 
309 
| 176 | 


1,479 
386 
322 

2,064 


0.202729 
0.023884 
0.024099 


3,040 0.298139 


! Rate of sewerage surcharge per unit volume of water used; calculated by applying the deter- 
mined B.O.D. and suspended solids concentrations to the surcharge formula. 
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TABLE V.—-Water Use, Waste Concentrations, and Sewer 


Water Use 


Company (gal./bbl.) 


B.O.D. 
(Ib./bbL) 


245 2. 
346 1, 
395 1. 


03 0.48 
90 0.92 
50 0.83 


| 


Bo 
(Ib./bbl.) | 


Service 


Charge Surcharge 


0.028 
0.039 
0.045 0.052 


creases. The table also shows the 
sewer service charge and the sewerage 
surcharge for the same three brew- 
eries, all of which sell their spent 
grains and yeast to a processing com- 
pany. 

As a result of the ordinance and 
the industries’ interest in reducing 
their surcharge, and because of agree- 
ments wherein they could recapture 
money paid on the surcharge, 24 have 
built pre-treatment works for removal 
of solids, paunch manure and greases 
(meat industries) ; for the removal of 
solids, correction of acids and caustic 
materials and color (chemical indus- 
tries); for the removal of grease 
(rendering plants); for the correction 
of acid conditions and the recapture 
of metals (metal-plating industries) ; 
for the removal of solids caused by 
treatment of water (railroads); and 
other miscellaneous treatment works. 

It is estimated that industry has 
spent $2,000,000 on internal plant 
changes, either housekeeping methods 
or process changes; and about 
$2,500,000 on pre-treatment facilities. 
Industry has cooperated practically 
100 per cent to make the ordinance 
workable. 

A word of caution must be given 
concerning the ordinance, as follows: 


The Industrial Waste Ordinance was 
designed, formulated, and placed in 
operation based on the experience of 
the Cincinnati industrial surveys and 
consultation with industry for three 
years. It is applicable only to the 
Cincinnati metropolitan sewage dis- 
posal program and should not be taken 
in whole for other cities. Instead, 
other cities should study their needs 
and use their own good judgment in 
passing local ordinances. Moreover, 
when an industrial waste ordinance 
is passed, two important items are ex- 
tremely necessary to its enforcement. 
The first is the provision of sufficient 
Man-Power to carry out the edicts of 
the ordinance; the second, infinite pa- 
tience. 
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MECHANICS OF OXYGEN ABSORPTION 
IN SPIRAL FLOW AERATION TANKS 


I. Derivation of Formulas 


By Henry R. Kina 


Senior Cwil Engineer, The Sanitary District of Chicago, IU. 


A tremendous amount of energy is 
expended daily in compressing the 
air that must be supplied to the many 
aeration tanks now in use in sewage 
treatment plants. Air is the source 
from which oxygen enters solution to 
sustain the life of organisms function- 
ing in the activated sludge process of 
sewage treatment. If power costs are 
to be reduced and kept at a minimum, 
a thorough understanding must be ac- 
quired of the factors involved in dis- 
solving oxygen from air under condi- 
tions such as normally occur in sewage 
treatment. 


The theory of the mechanism of 
oxygen absorption is already well 
known (1). However, despite this 


fact, very little has been done toward 
converting such knowledge to a practi- 
eal form, Certainly a better general 
knowledge of the factors affecting oxy- 
gen absorption properly related in use- 
able form be acquired if the 
efficiency of the activated sludge proc- 
ess is to be developed to the fullest 
extent possible. 

Experimental data (2)(3) have been 
published on the absorption of oxygen 
from air bubbles rising through wa- 
ter partially saturated with dissolved 
oxygen. Also, data are available (4) 
on experiments on atmospheric reaera- 
tion of water under stream flow con- 
ditions. But, to the author’s knowl- 
edge, there is nothing in published 
form in which data have 
combined in the derivation of formulas 
for computing the rates of absorption 
of oxygen by water in aeration tanks 
such as are now in general use in the 
activated sludge process of sewage 


must 


these been 


treatment. 


The circulating velocities have been 
measured in spiral flow aeration tanks. 
At Indianapolis (5), in 1922, the bot- 
tom velocities were gauged. In the 
Sanitary District of Chicago, veloci- 
ties at top and bottom were measured 
as a guide in tank design in 1924 and 
1925, subsequently in 1930, and again 
in 1945. The latest tests included, in 
addition to surface and bottom veloci- 
ties, measurements of the rising cur- 
rents above the air diffusers, thus 
providing a basis for estimating bub- 
ble detention. 

About 1945 the author, in working 
out a method for determining the eco- 
nomical depth of aeration tanks, used 
the foregoing velocity measurements 
and data on oxygen absorption from 
air bubbles and from atmospheric re- 
aeration to compute the rates of ab- 
sorption of oxygen by water in spiral 
flow aeration channels 15 ft. 6 in. in 
depth (15 ft. on porous plate diffusers) 
by 34 ft. 9 in. center to center of walls. 
By means of the hydraulic model 
theory, it was possible to apply the 
data to various depths of channels 
and derive formulas for general appli- 
cation. 

Considerable unce: inty existed at 
that time as to how dependable the 
formulas were and as to the effects 
on the rate of oxygen absorption by 
water of such factors as temperature 
and substances normally present in 
sewage and activated sludge. Also, 
there were no means available for an 
experimental check on the computa- 
tions. However, between 1951 and 
1954 tests in the Sanitary District of 
Chicago with model tanks and on 
large aeration tanks have provided 
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data on the formulas and the factors 
to be considered in their application. 

The derivation of the formulas from 
available data is described herein. In 
their final form they show the relation 
of the various factors influencing the 
rate of oxygen absorption in spiral 
flow aeration tanks. With such knowl- 
edge the engineer is much better 
equipped to analyze and solve the 
problems involved in the design and 
operation of the activated sludge proc- 
ess. 


Oxygen Absorption from 
Air Bubbles 


Measurements of the oxygen dis- 
solved from air bubbles have been 
made by several investigators. It has 
been established (6) that when parti- 
ally saturated water and small air 
bubbles are allowed to come in contact 
and the water is kept thoroughly 
mixed so that it may be regarded as 
of uniform composition at all points, 
the rate at which oxygen enters s80- 
lution at any particular temperature 
is directly proportional (a) to the 
area of bubble surface and (b) to the 
difference between the dissolved oxy- 
gen concentration in the saturated 
water in the interface or bubble film 
and that in the main body of the 
water. The bubble surface per unit 
of air volume varies inversely as the 
diameter. The concentration of oxy- 
gen in the saturated water film coating 
the bubbles varies directly as the par- 
tial pressure exerted by the oxygen in 
the air bubble. 

Scouller and Watson (2) measured 
the oxygen dissolved from air bubbles 
of 0.0945-in. diameter rising 1.25 ft. 
through a tube of water partially satu- 
rated with dissolved oxygen. The tem- 
perature was held constant at 15° C. 
Tests were run with both an open and 
an oil-covered surface. There was, 
however, no substantial difference in 
results. Under the latter condition, 
which prevented atmospheric reaera- 
tion, the test data indicated that the 
oxygen absorption per p.p.m, under 
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saturation averaged about 0.0076 Ib. 
per day per sq. ft. of bubble surface. 
It was noted, however, by Scouller 
and Watson that a higher absorption 
rate took place in the upper portion 
of the tube and this was attributed 
to the bursting of the bubbles at the 
surface. By measuring absorption in 
the upper and lower portions of the 
tube it was possible to compute the 
effect of the bursting of the bubbles. 
The absorption from this source ac- 
counted for about 22 per cent of the 
total or about 34 per cent of the ab- 
sorption per foot of bubble rise. Cor- 
recting for this, the oxygen absorption 
per p.p.m. under-saturation must have 
averaged about 0.0059 lb. per day per 
sq. ft. of bubble surface while rising 
through the water. 

Tests made later by Scouller and 
Nixon (3) closely checked the fore- 
going results. Measurements were 
made of the rates of absorption of 
oxygen from air bubbles rising through 
a 9-ft. column of partially saturated 
water. The bubbles were of four dif- 
ferent diameters; 0.043, 0.063, 0.143, 
and 0.178 in. The sizes were those as 
they entered at the bottom of the water 
column. Under the same conditions 
of temperatures and dissolved oxygen 
content in the water column the rate 
at which oxygen dissolved varied in- 
versely as the diameter of the bubbles. 
The results of 3 out of about 40 are 
reported in Table I. These 3 tests 
were purposely selected in which the 
changes in the dissolved oxygen of 
the water were relatively small and in 
which the percentage of oxygen ab- 
sorbed was low in order to avoid 
errors in computations. 

The absorption rates in Table I were 
computed by the author from the data 
reported. The tests were run at about 
sea level. A sample computation is 
given below for bubbles of 0.178-in. 
diameter. The weight of a cubic foot 
of free air at 16.5° C. is 0.076 Ib., 
of which 23.1 per cent by weight is 
oxygen occupying 20.9 per cent by 
volume. 
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D.O. in water: Beginning = 0.46 p.p.m.; end = 1.09 p.p.m.; average = 0.8 p.p.m. 
Oxygen absorbed: 
Total = 16.45° 


0.34 
Bubble bursting 16.5 = 0.60% 


Bubble surface only = 15.85% 
Original air remaining at top of rise through water = 100 — 15.85 X 0.209 = 96.7% 


6 


18 
Bubble film D.O. sat. at bottom = 7 x 9.8 = 12.4 p.p.m. 


1.00 (0). 1585 


Bubble film D.O. sat. at top of rise = 0 967 


X 9.8 = 8.5 p.p.m. 


Consider 1.0 cu. ft. of air entering at bottom. Then: 


Bubble volume at bottom = 1.0 eu. ft. 

Bubble (0.178 in. dia.) surface at bottom = 402 sq. ft. 
18. 

Bubble volume at top = 0.967 X - 47 = 1.215 cu. ft. 

Bubble dia. at top = (1.215)! & 0.178 = 0.203 in. 

Bubble surface at top = 1.215 K 355 = 430 sq. ft. 


Try 0.0063 |b. per sq. ft. per day oxygen absorption per p.p.m. of D.O. 
differential. 


Absorption rate from bubbles at top of rise = 430 (8.5-0.8) X 0.0063 = 20.8 lb. 
per day 


Absorption rate from bubbles at bottom of rise = 402 (12.4—0. 8) 0.0063 
= 29.4 lb. per day 


Average = 25.1 lb. per day 


9 


12 
Total absorption in 12-sec. rise = 25.1 5400 0.0035 lb. 


0.0035 X 14.7 


= 15, ‘Shee 
0.076 X0.231K18.6 ~ (Check) 


Total absorption of oxygen in air = 


TABLE I.—-Oxygen Absorption Rates from Air Bubbles Rising in 9 Ft. of Water’ 


Bubbles | D.O. in Water (p.p.m.) Oxygen Absorption 


| Temp | Computed? Absorption® 
| Rising Rising | fore After 

Time | Velocity ere | Aera- | 
| (sec.) | (ft./eee.) | tion | | Ns = Os 
| | | Absorp | Absorp 
| 


Diam 
(in.) 


0.0039 | 0.063 10 { 2 35 2.64 9. 31.54 | 0.0065 | 0.0064 
0.0119 | 0.143 12 | f 22 1.84 | ; | 18.9% 0.0068 | 0.0067 
0.0330 | 0.178 > 5.5 Re? | 16.45 0.0063 | 0.0062 


' Data from Reference (3) 
* Computed by current author. 
*In pounds per square foot per day per p.p.m. D.O. differential. 
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It is to be noted that the effect of 
the bursting of the bubbles is taken 
into consideration in the foregoing 
computation. If the oxygen entering 
solution from this source is equivalent 
to 34 per cent of that from the bubble 
surface while rising 1 ft., then it 
amounts to only 0.34/9.34 or 3.6 per 
cent of the total for a bubble rise of 
9 ft. in stationary water. 

However, the absorption from the 
bursting of the bubble may have a 
greater relative importance in the case 
of an aeration tank where, due to ris- 
ing currents, the air bubbles might, for 
example, move upward 15 ft. in 6 sec., 
the water moving at 1.75 ft. per sec. as 
the bubble slips upward at an addi- 
tional velocity of 0.75 ft. per sec. 
In the 6 sec., the bubble would move 
upwards in relation to the water only 
4.5 ft. In this case the oxygen ab- 


sorption on bursting would be 0.34/ 
(4.5 +0.34) or 7.0 per cent of the 
total. 


In the foregoing computation on 


oxygen absorption from 0.178-in. air 
bubbles the effect of nitrogen absorp- 
tion on the reduction of bubble size 
is not included. There is no doubt 
that some absorption of nitrogen from 
the air in the bubbles took place, since 
the bubbles were allowed to rise 
through water that had been previ- 
ously boiled to remove the dissolved 
oxygen. This, of course, also removed 
the dissolved nitrogen, making the re- 
entrance of nitrogen into solution 
from the air bubbles a certainty. 
Seouller and Nixon coneluded that the 
nitrogen was absorbed at a lesser rate 
than oxygen. 

Other investigators (7) have found 
that the rates of solution of gases in 
water vary as the difference in con- 
centration of the solute on the two 
sides of the interface. If this is true, 
the rate at which nitrogen was dis- 
solved must have exceeded that for 
oxygen, since saturation for dissolved 
nitrogen in water at sea level at 16.5° 
C. is 16.5 p.p.m., and for oxygen only 
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10.5 p.p.m. Since the dissolved gases 
in the water used in the tests were 
quite low, the relative rates of solution 
must have been approximately at the 
saturation values. Thus the rate of 
absorption of nitrogen must have ex- 
ceeded that of oxygen by about 60 
per cent. In order to get an idea of 
the effect of the absorption of nitrogen 
on the computed rates of oxygen ab- 
sorption, they were figured assuming 
both of these gases were absorbed in 
equal amounts. The results are given 
in the last column of Table I. Only a 
small difference in the computed oxy- 
gen absorption rate is indicated. 

In computing the oxygen absorption 
from air bubble surfaces, an average 
of the rates at the bottom and top of 
the water column was used. This 
method might be questioned, but addi- 
tional study showed it to be reasonably 
correct. If the computed average rates 
for the two halves or the four quarters 
of the bubble rise are used, the final 
results remain practically unchanged. 
This indicates that the rate of absorp- 
tion from a single bubble changes at a 
uniform rate as the bubble rises 
through water. 

As a result of a study of the tests 
made by Seouller, Watson and Nixon, 
it was concluded that the oxygen ab- 
sorption rate from air bubbles while 
rising in water at 20° C. is about 
0.0065 lb. per sq. ft. of bubble surface 
per day per p.p.m. of dissolved oxygen 
differential across the interface. 

It is to be noted that the oxygen 
absorption from air bubbles is based 
on an absorption rate per unit of 
time during the upward rise of the 
bubbles plus an additional amount oe- 
curring just as the bubbles break the 
surface, equivalent to a 0.34-ft. rise 
through water. This additional ab- 
sorption at the water surface Scouller 
and Watson (2) attributed to the 
bursting of the bubbles. 

It might also be attributed to the 
shedding of the oxygen-saturated films 
by the bubbles. If it is assumed that 
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oxygen molecules from the air strik- 
ing a water surface penetrate it, caus- 
ing dissolved oxygen saturation for a 
slight distance, it can be shown that 
this distance needs to be only very 
minute to account for the added ab- 
sorption of oxygen from the bubbles 
right at the water surface. Bubbles 
slip upward in water at about 0.75 ft. 
To slip up 0.34 ft. would 
At 20° C. and a 
rate of absorption of 0.0065 lb. per 
day per sq. ft. of bubble film per 
p-p.m. D.O. differential, would mean 
the shedding of an oxygen-saturated 
bubble film of only 0.0065-in. thickness 
to equal the absorption occurring in a 
rise of 0.34 ft 
that this is a reasonable explanation 
of the absorption occurring 
just as the bubble breaks the surface. 

Using the foregoing oxygen absorp- 
tion rate for the rising air bubbles 
and the bubble bursting effect at the 
surface, it is possible to compute the 
percentage of oxygen absorbed from 
a bubble rising at a uniform rate in a 
given time through a certain vertical 
distance by slipping upward in a uni 
formly rising current of water. This 
can be done by the same type of com- 


per sec, 


require only 0.45 see. 


It does seem probable 


oxygen 


putation as illustrated previously, ex- 
cept that the rate of absorption per 
unit area of bubble is known and the 
percentage of oxygen absorption is de- 
termined by trial and check. By set 
ting up a number of conditions for 
bubble water depth, and 
bubble detention, and by logarithmic 
plotting of the results, the formula 
for oxygen absorption from air bubbles 
in water at 20° C, was derived as 
follows: 


diameter, 


0.049 F798 [72 


in which 


P = percentage of oxygen absorbed 
from bubble; 
= oxygen deficiency of the water, 
in p.p.m., at atmospheric 
pressure ; 


SEWAGE AND INDUSTRIAL WASTES 


August, 1955 


S = bubble detention or rising time 
in the water, in seconds; 


H = water depth to point where 


bubble enters; 


d = bubble diameter, in inches; and 


] / 13 


Eq. 1 applies to the oxygen absorp- 
tion under conditions similar to those 
in spiral flow aeration channnels 
where the bubbles are slipping upward 
in rising currents of water. Subse- 
quent tests to be described later indi- 
cated the oxygen absorption to vary 
about as (1.024)7, in which 1.024 is 
the temperature coefficient and T is 
the water temperature in degrees 
Centigrade. Introducing this factor 
for temperature variation, Eq. 1 be- 
comes: 


0.031 H®'® U4 


do 


.. (2) 

The formula was derived from 
computations on bubble diameters of 
0.1 to 0.2 in., bubble detentions up to 
10 see., water depths from 1 to 30 
ft., a water temperature range of 8° 
to 25° C., and oxygen deficiencies (at 
atmospheric pressure) of more than 
50 per cent. 

It should be pointed out that the 
pressure of the air in a rising bubble 
exceeds atmospheric pressure and 
therefore the dissolved oxygen in the 
water can be increased to more than 
100 per cent saturation, referred to 
atmospheric pressure. In Eq. 2, the 
oxygen deficiency is that for water at 
atmospheric pressure. Therefore, Eq. 
2 has its limitations and should be 
restricted in application to conditions 
where the dissolved oxygen of the wa- 


ter in reference to atmospheric pres- 


sure is less than 50 per cent of satura- 
tion. 

Since, as previously pointed out, the 
oxygen absorption from a rising air 
bubble in water decreases at an ap- 
proximately uniform rate, the rate at 
half depth is an approximate average 
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for the entire rise. Hence, the absorp- 
tion rate must vary about as the dis- 
solved oxygen differential between the 
bubble film and the water at this par- 
ticular depth. If the oxygen defi- 
ciency is expressed as the deficiency 
for the pressure of half depth, Eq. 2 
may be converted to include this de- 
ficiency and used for any particular 
condition. For example, if bubbles 
are rising through 10 ft. of 20° C. tem- 
perature water with an atmospheric 
pressure of 760 mm. (14.7 Ib. per sq. 
in.), the oxygen saturation for atmos- 
pheric pressure would be 9.17 p.p.m. 
and for the additional half-depth pres- 
sure of 5 ft. of water, 10.6 p.p.m. Eq. 
2 can then be converted, using the 
condition zero dissolved oxygen in the 
water for making the transition. The 
constant should be multiplied by 
| (9.17)*/,,°** + 10.6] and the formula 
becomes, for a 10-ft. water depth: 


in which U, is the oxygen deficiency 
for the pressure at the half depth of 
5 ft. In this form, the formula applies 
over the range of values of U, from 
zero to saturation. 

Eq. 2, as derived in terms of oxygen 
deficiency at atmospheric pressure, has 
sufficient range for the conditions 
normally encountered in the activated 
sludge process. Conversion to the 
form of Eq. 3 may be desirable under 
special circumstances, 


Oxygen Absorption from 
Atmosphere 


The results of several tests are avail- 
able on oxygen absorption from the 
atmosphere by partially saturated wa- 
ter. It is generally known that the 
absorption rate at the water surface 
varies directly as the oxygen under- 
saturation and as some function of the 
surface velocity, increasing with ve- 
locity. Streeter, Wright and Kehr 
(4) conducted tests on the relation of 
surface velocity in streams to atmos- 
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pheric reaeration. The results of their 
tests are, therefore, of considerable 
value in determining the oxygen ab- 
sorption rates at the surfaces of aera- 
tion tanks. 

The tests were made in several dif- 
ferent channels and were run on water 
deaerated by iron filings or by means 
of sodium sulfite and also on sodium 
sulfite solution. The channel for 
which the velocity influence was re- 
ported was 3 in. wide by about 4 in, 
water depth. For velocities of 0.15 
ft. per sec. and less, the oxygen ab- 
sorption varied about as V®™. For 
higher velocities, at which the flow was 
definitely turbulent, the rate of ab- 
sorption varied about as V*"*. The 
results at the higher velocities with de- 
aerated water and sulfite solution 
agreed closely. An analysis of the 
test data by the author indicated the 
oxygen absorption at the higher ve- 
locities to be about 0.0395V*""* Ib. per 
sq. ft. of surface per day (at sea level 
and zero dissolved oxygen), in which 
V is the surface velocity in feet per 
second. 

Streeter et al. analyzed the results 
of their experiments to determine the 
effect of the temperature of water on 
the rate of oxygen absorption. The 
data used were from a channel of 3-in. 
flow depth with velocities of 4.6 ft. 
per min. and less, and also from a 
channel of 9-, 12-, and 15-in. flow 
depth with velocities of 25 ft. per min. 
and less. The conclusion was that for 
zero dissolved oxygen and barometric 
pressure of 760 mm. mercury, the rate 
of absorption increased about 1.6 per 
cent for each degree Centigrade in- 
erease in the temperature of the wa- 
ter. 

The foregoing conclusion probably 
holds true for very low velocities in 
shallow channels, and possibly for 
quiescent deep streams in which the 
dispersion of the dissolved oxygen is 
not too rapid. On the other hand, 
where the mixing of the dissolved oxy- 
gen is rapid and complete there is 
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evidence to indicate that the 
rate at which oxygen enters solution 
at 100 per cent undersaturation in- 
creases at a lower rate than indicated 
by Streeter’s tests. 

Adeney (8) measured the 
atmospheric reaeration for zero dis- 
solved oxygen in water at various 
temperatures. The results, as pointed 
out by Edmonson and Goodrich (9), 
indicated the rates at which oxygen 
goes into solution at 100 per cent 
undersaturation to be equal for all 
temperatures. In the author’s tests 
diffused-air aeration, to be de- 
scribed later, the rate of absorption 
at zero D.O. was found, however, to 
increase slightly with a rise in water 
temperature varying from zero at 5° 
to O04 per cent per degree rise at 
20° C, 

The rate of 0.0395 V*" lb. per sq. 
ft. per day oxygen absorption by at- 
mospherie reaeration, at 100 per cent 
undersaturation, is an average of the 
results reported by Streeter et al., on 
tests on water varying from 17° to 
23° C. in temperature. However, the 
effect of temperature on the absorp- 


much 


rate of 


on 


TTT 


~ 


S 


| Water 


to 


+ 


+ 


a 


1) 
IT] 
4 
| 


Rising Velocity in Feet per Second 
» & 


S 


SEWAGE AND INDUSTRIAL WASTES 


Note: Plotted from of Experimen, 
Study of Gas Bubbles ir Various Liguids by 
WL. Haberman and R46 Morton, lavid Taylor 
Move/ Navy Lepartmen?, 19S 3 


August, 1955 


tion rate at 100 per cent oxygen de- 
ficiency was very slight for a 6° tem- 
perature range and for that reason it 
may be assumed that this average rate 
occurred at 20° C., at which the oxy- 
gen deficiency was 9.17 p.p.m. 

Therefore, the rate of oxygen ab- 
sorption from atmospheric reaeration 
per p.p.m. deficiency at 20° C. water 
temperature must be about 0.0395/9.17 
or 0.0043 V*"* lb. per day per sq. ft. 
of water surface. This is the rate 
used as a basis for this study. It is 
quite probable that it holds true only 
when the turbulence is sufficient to 
insure a rapid and uniform dispersion 
of the dissolved oxygen in the water, 
a condition which must certainly ob- 
tain in aerated channels. 


Oxygen Absorption Rates from 
Bubbles and Atmosphere 
Related 


It is necessary to know the velocities 
at which air bubbles slip up through 
water in order to show how the rate 
of oxygen absorption from rising bub- 
bles is related to atmospheric reaera- 
tion. The effect of bubble diameter 
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FIGURE 1.—Rising velocity of air bubbles in tap water. 
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on its rising velocity in quiescent wa- 
ter is shown in Figure 1. The curves 
were plotted from data obtained in 
tests by Haberman and Morton (10). 
Small bubbles rise faster in filtered 
than in tap water. It is believed that 
filtering removes small particles that 
tend to collect at the bubble surfaces, 
increasing their resistance to move- 
ment. This effect, however, diminishes 
and finally disappears as the bubble 
diameter increases. Fine bubbles are 
spherical. Larger bubbles, such as oc- 
cur in the diffused air of the activated 
sludge process (0.10- to 0.20-in. di- 
ameter), are flattened (that is, ellip- 
soidal) in shape, whereas very large 
bubbles assume a spherical cap shape. 

Of particular interest from the 
standpoint of this study is the fact 
that air bubbles slip up through tap 
water at about 0.75 ft. per sec. for the 
range of weighted average diameter 
(0.1 to 0.2 in.) normally present in 
diffused air in the aerated sludge 
process. Prior to the publication of 
the results of the tests by Haberman 
and Morton, the author had reached 
the same conclusion from the results 
of tests by Miyagi (11) and Scouller 
and Nixon (3). 

If the rate of atmospheric reaera- 
tion for water at 20° C. (0.0043 V*75 
lb. per day per sq. ft. of surface per 
p.p.m. oxygen deficiency) were applied 
to air bubbles, the movement of the 
bubble surface relative to the con- 
tiguous water would have to be about 
1.26 ft. per sec. to give the rate of 
0.0065 lb. per day per sq. ft. per p.p.m. 
oxygen differential, which tests pre- 
viously described have indicated. 
When a bubble moves upward, the 
water from just above it must be 
continually flowing down around the 
bubble to fill the space being vacated 
below. This means that the water 
adjacent to the bubble film is moving 
faster relative to the bubble surface 
than the velocity of upward slip of 
the bubble. 

Also, bubbles do not rise vertically. 


OXYGEN ABSORPTION. If. 


901 


Instead, they slip up spirally, thus 
moving faster through the water than 
the average upward velocity relative 
to the water. The difference between 
an upward bubble velocity of 0.75 ft. 
per sec. and 1.26 ft. per see. can 
reasonably be attributed to the down- 
ward movement of the water immedi- 
ately adjacent to the bubble plus the 
additional velocity due to the sideward 
slip of the bubble. Therefore, it 
seems probable that the rate of oxygen 
absorption through bubble films is 
about the same funetion of the ve- 
locity of the water, relative to the 
air-water interface, as obtains for 
stream surfaces. 


Velocities in Aeration Tanks 


The Sanitary District of Chicago 
measured the horizontal velocities in a 
15 ft. 6 in. depth (15-ft. depth to 
plate diffusers) spiral flow aeration 
tank in 1930. The results are of par- 
ticular value as a basis for computing 
oxygen absorption. A section of the 
channel is shown in Figure 2 with the 
points indicated at which the velocities 
were measured. The results (Table 
Il) are the averages of velocities for 
three different sections along the chan- 
nel. The tank had four rows of porous 
plates and was tested with two and 
also four rows (adjacent to wall) op- 
erating, corresponding to a diffuser 
plate area in relation to tank area of 
5 and 10 per cent, respectively. 

To compute the atmospheric reaera- 
tion it was necessary to know the sur- 
face velocities. These were obtained 
at any particular point in the cross- 
section of the tank by plotting the 
measured horizontal velocities against 
depth and extending the curve of ve- 
locity trend to the surface. From 
surface velocities thus obtained for 
three points in the tank width a curve 
was plotted (Figure 3) to show the 
velocity variation across the surface 
of the tank for any particular rate 
of air application. It is to be noted 
that higher velocities obtained in a 


2 
tat 
we 


SEWAGE AND INDUSTRIAL WASTES 


(Velocity measuremenss 
| 
+ 
reo 
‘Ae 
... 


ke ¢ of tank 


Porous diffuser plates 


FIGURE 2.—Velocity measurements in aeration tank. 


tank on the side of air application 
when two instead of four rows of dif- 
fusers were operating. 

To use the velocity measurements 
for computing the oxygen absorption 
from air bubbles it was necessary to 
know the rising velocities in the bub 
ble zone. 
these from measurements of rising ve- 


It was possible to estimate 


locities made in the Sanitary District 
in 1945 and, also, by averaging top 
and bottom velocities of the 1930 tests 
on the rising current side of the tank. 
Such estimates, however, were approxi- 
mate, but due to the upward slip of 
the air bubbles any error in the esti- 
mated rising water velocity was re- 
duced when used to compute the bub- 


TABLE II.—Velocities in Spiral Flow Aeration Tank (34 Ft. to 9 In. Center to 


Center of Walls; 15-Ft. Depth to Diffusers) 


Horizontal Velocities (ft. per sec.) 


Air (e.f.m 
1,000 eu. ft 


Depth Below 


Surface (ft.) Two Rows Diffusers Operating 


Four Rows Diffusers Operating 


Center Line | Right 9 Ft. 


Left @ Ft. | Center Line Right 9 Ft Left 9 Ft. 


1.83 
1.36 


1.66 


1.26 


1.06 
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ble detention. From the test data the 
vertical velocities at half depth in the 
bubble zone, for two and four rows 
of diffusers operating, were estimated 
as 75 and 63 per cent, respectively, 
of the center horizontal velocities at 
half depth. 


Oxygen Absorption Formulas 


The oxygen absorption formulas are 
based on the test data previously dis- 
cussed. In analyzing and converting 
the data to the form desired, a number 
of approximations were involved. 
Nevertheless, it was felt that the data 
in the converted forms were basically 
sound and sufficiently accurate to be 
used to set up formulas which would 
properly relate the factors involved in 
oxygen absorption in spiral flow aera- 
tion tanks. Tests made later could 
be used to make such modifications as 
were thought necessary. 
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The derivitations of the formulas 
are based entirely on oxygen absorp- 
tion rates computed for the 15.5-ft. 
depth tank (15 ft. on the diffusers) 
shown in Figure 2. A 2-ft. length of 
channel was used as a basis in which 
the net liquid volume was 1,000 cu. 
ft. The total oxygen absorption is the 
sum of that from atmospheric reaera- 
tion and that from air bubbles. The 
absorption rate was computed for a 
water temperature of 20° C. and a 
factor introduced later for the tem- 
perature effect as indicated by tests. 

For determining atmospheric reaera- 
tion the rate of 0.0043 V*"* lb. per sq. 
ft. per day per p.p.m. undersaturation 
was applied to the surface area. The 
average V''® was determined from 
Figure 3. 

For determining the oxygen absorp- 
tion rate from air bubbles, the bubble 
absorption formula (Eq. 1) was used. 
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2 rows of plates.Plate arta= cent 
rows of plates .Plate area =/Oper cent 


0 
1S /0 5 


10 


Feet 


FIGURE 3.—Velocities across surface of spiral flow aeration tank. 
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The velocity of the water in the bubble 
zone in a spiral flow aeration tank 
increases as the water rises toward 
the A computation on the 
oxygen absorption from bubbles indi- 
cated only a small difference obtained 
if the vertical velocity at half depth 
were used for the average rising rate 
instead of summing up the absorp- 
tions for parts of the rise to take care 
of the varying velocity. The depth to 
the diffusers divided by the sum of 
the average rising velocity of the water 
and the bubble slip, in feet per second, 


surface 


gave the bubble detention in seconds. 
This was used in the bubble formula 
(Eq. 1) to determine the oxygen ab- 
sorbed. 

The hydraulic model theory was 
used as a means for computing the 
oxygen absorption for depths other 
than 15 ft. to the diffusers. For ex- 
ample, consider geometrically similar 
aeration tanks. For the same length 
of channel a 1/12-seale model has 
1/12 the water surface; 1/144 the 
water volume; 1/144 the volume of air 
bubbles in the water; and \/1/12 the 
velocities of circulation, Then for this 
model tank the depth divided by the 
sum of the rising water velocity and 
upward slip of the bubble equals the 
bubble detention. 

Since the relation of water to bub- 
ble volume is the same for the model 
as for the larger tank, the rate of air 
application per unit of water volume 
varies inversely as the bubble deten- 
tion; corrected, however, for the dif- 
ference of pressure of the air in the 
bubbles due to the different depths of 
the two tanks. Thus, for the model 
tank it was possible to determine the 
bubble detention and 
rate of air application. 


corresponding 

With these 
known, the rate of oxygen absorption 
could then be computed by the same 
method described previously for the 
15-ft. depth to the diffusers. 

A sample of the computations for 
channels with two rows of diffusers 
(diffuser plate area = 5 per cent) is 
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shown in Table III for the basic tank 
of 15-ft. depth to the diffusers and 
for a 1/12-seale tank of 15-in. depth 
to the diffusers. Computations were 
actually made for tanks of four differ- 
ent depths with diffuser plate areas 
of 5 and 10 per cent. The oxygen 
absorptions, at three different rates of 
air application, were figured for vari- 
ous oxygen deficiencies and bubble 
sizes, 

The bubble size was assumed to 
remain unchanged as the rate varied. 
Measurements of bubble diameters by 
3eck (12), to be discussed later, indi- 
cated that from a practical standpoint 
this was a reasonable assumption. By 
logarithmic plotting of the results, 
formulas were derived for each depth 
and these were combined into a 
formula applicable to any depth. The 
general formulas thus developed for 
clean water at 20° C. in circulating- 
type aeration tanks are as follows: 


For diffuser plate area = 5 per cent: 


0.0383 H® UY Rx ( 
pe 


For diffuser plate area = 10 per cent: 


0.0262 UY R™ 
in which, 
A = oxygen absorption, in p.p.m. 
per hour; 
H = depth to porous plate diffusers, 
in feet; 


: oxygen deficiency for water, in 
p.p.m. at atmospheric press- 
ure; 


air diffusion rate in c.f.m. per 
1,000 cu. ft. of water (free 
air at 60° F. and 29.3 in. Hg) ; 


weighted average diameter of 
air bubbles, in inches; 


0.85/H®-*; and 
0.90/ 


: 
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TABLE III.—Oxygen Absorption Computations for Water in 2-Ft. Length of Spiral 
Flow Aeration Channel (Diffuser Plate Area, 5 Per Cent; Water Temperature, 
20°C.; Air Bubble Diameter, 0.1 in.; Oxygen Deficiency, 8 p.p.m.) 


Rising Air Bubbles | 


Surface | Total Oxygen Absorption 
(c.f.m.) | Ave Water Veloc- | Rising Absorp (lb. /day/ (p.p.m. From 
| ity +t yward Blip | Time (lb. /day vin (lb. /day 1,000 eu. hr.) Surface 
of Bubble (ft./sec.) | (sec.) (%) 1,000 cu. | sar “a ft.) (%) 
| ft.) | 
(a) 15-Fr. Warer Depru on Dirrusers (Vol., 1,000 Cu. Fr.; Surrace, 55.5 Sq. Fr.) 
6 1.38 +-0.75 =2.13 7.1 16.0 23.7 4.62 8.8 32.5 21.8 27.3 
12 1.92 +-0.75 =2.67 | 5.6 13.2 39.0 7.16 13.6 52.6 35.2 26.0 
18 2.08 +-0.75 =2.83 | 5.3 12.5 55.5 9.43 18.0 73.5 49.2 24.5 
15-In. Water Depru on Dirrusers (1/12-Scate; Vou., 6.95 Cu. Fr.; Surnrace, 4.6 Fr.) 
32.48 0.40 +0.75 =1 15%) 1.09 3.65 28.8 0.54 | 12.3 41.4 27.6 20.8 
59.0 0.564+-0.75 = 1.31 | 0.95 3.24 47.0 0.82 | 18.7 65.7 43.8 28.5 
85.0 0.60 +-0.75 = 1.35 | 0.93 3.17 66.4 1.09 24.9 913 61.3 27.3 


‘ Air free at 29.3 in. Hg (14.4 lb. per sq. in. abs.) and 60°F.; Wt. = 0.074 lb. per cu. ft.; 
23.1 per cent oxygen. 
14.67 


2 


V1/12 X 1.38 = 0.40 
(4.62) = 0.54 


32.4 


Oxygen absorption tests made by 
the Sanitary District in small tanks 
checked closely with the formula for 


For diffuser plate area = 10 per cent: 


0.0175 UY R¥(1.024)F 


a = 


a diffuser plate area of 5 per cent 
(Eq. 4). On the other hand, the 
formula for the 10 per cent plate 
area appeared to be about 5 per cent 
low in the small experimental tanks. 
iq. 4 was retained as computed, but 
Eq. 5 was modified to give about 5 
per cent higher results at 1-ft. depth 
but still retaining the computed rates 
at 15-ft. depth. Tests also indicated 
the absorption rate per p.p.m. oxygen 
deficiency to vary as 1.0247, in which 
1.024 is the temperature coefficient and 
T is the water temperature in degrees 
Centigrade. After modifying Eq. 5 
and introducing the temperature co- 
efficient, Eqs. 4 and 5 become, for a 
diffuser plate area of 5 per cent: 


0.0243 C H®-™ UY R* (1,024)? 


. (6) 


(0-70 


in which the oxygen absorption co- 
efficient, C, is also included. This 
has a value of 1.0 for clean water, 
but lower values for sewage and the 
mixed liquor of the activated sludge 
process. In Eq. 7, N = 0.90/H®, 
The formulas were derived from 
computations on bubble diameters of 
0.1 to 0.2 in.; depths to diffusers of 
from 1 to 25 ft.; water temperatures 
of 8° to 25° C.; and dissolved oxygen 
of less than 50 per cent of saturation 
at atmospheric pressure. Therefore, 
their application should be restricted 
in use to a dissolved oxygen content in 
the water, in reference to atmospheric 
pressure, of less than 50 per cent of 
saturation. However, with this limita- 
tion they should still be applicable for 
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the conditions normally obtaining in 
the activated sludge process. 

The formulas were worked out for a 
barometric pressure of 29.3 in. Hg 
(745 mm.), but apply closely for other 
barometric pressures if the air rate 
is converted to and used in the 
formulas as c.f.m. of free air at 29.3 
in. Hg and 60° F. 

At times it may be desirable to have 
formulas applicable over a wider 
range of oxygen deficiency. Those pre- 
sented can be converted to accomplish 
this purpose under certain cireum- 
stances. For example, when air bub- 
bles are of about 0,1-in. diameter and 
a relatively small amount of dissolved 
oxygen is present, about 25 per cent 
of the oxygen absorbed in an aeration 
tank is from the atmosphere for a dif- 
fuser plate area of 5 per cent and 
about 20 per cent for an area of 10 
per cent. The percentage of oxygen 
entering solution from the atmosphere 
decreases as the dissolved oxygen in- 
and zero when the 
dissolved oxygen equals saturation (re- 
ferred to atmospheric pressure), after 
which, if the tank is of appreciable 
depth, oxygen continues entering solu- 
tion, but from the bubbles only, with 
a loss from the surface. Therefore, 
the bubbles are an important factor 
influencing the rate of oxygen absorp- 
tion, which must vary as the oxygen 
deficiency at a pressure somewhere be- 
tween atmospheric and half depth 

For example, consider a spiral flow 
aeration tank of 26-ft. depth. If 25 
per cent of the oxygen entering solu- 
tion at zero D.O. is from the surface, 
by computation the total rate of ab 
sorption (with that from the surface 
varying as deficiency at atmospheric 
and that from the bubbles 
varying as the deficiency at half 


creases becomes 


pressure 


depth) varies directly as the oxygen 
deficiency at 0.35-depth. 
cent from the surface at zero D.O., the 


For 20 per 


computed absorption rate varies as 
the oxygen deficiency at 0.37-depth. 
The formulas ean be converted to 
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the first power of the oxygen de- 
ficiency at partial depth. For ex- 
ample, in a 26-ft. depth tank with a 
diffuser plate area of 10 per cent 
producing an average air bubble of 
0.09-in. diameter, the oxygen absorp- 
tion rate should vary about as the 
deficiency at about 0.35-depth. For 
water in this tank at 20° C. and an 
atmospheric pressure of 29.3 in. Hg, 
the D.O. saturation would be 9.0 p.p.m. 
at the water surface and 11.5 p.p.m. 
at 0.35-depth. The constant in Eq. 7 
should be multiplied by [(9.0)*/,,°" 
+ 11.5] and the formula for 26-ft. 
diffuser depth and 0.09-in. air bubbles 
would be 


A =0.46 C U 6.35 R°-(1.024)7... (8) 


in which U,.., is the oxygen deficiency 
in p.p.m., at 0.35-depth. Eq. 8 is ap- 
plicable over the entire range of U,,, 
from zero to 100 per cent deficiency. 

Eqs. 6 and 7, in which the oxygen 
deficiency of the water is for atmos- 
pheric pressure, are applicable for con- 
ditions normally occurring in the ac- 
tivated sludge process. However, con- 
version to a form such as that of Eq. 
8 is often advisable for special tests 
and studies in a particular tank. 


Effect of Diffuser Plate Area 


This study has been confined to dif- 
fuser plate areas of 5 and 10 per cent 
in tanks twice as wide as deep, since 
the velocity tests in large tanks are 
available only for these particular 
diffusion areas. There are, however, 
many instances where larger diffuser 
plate ratios should be used. There- 
fore, it is important to have some 
knowledge of the effect of increasing 
diffusion area. 

For a 15-ft. diffuser submergence 
the percentage of the oxygen absorp- 
tion attributable to air bubbles, as 
computed by the method previously de- 
scribed, is approximately 75, 60, and 
50 per cent for a 5 per cent plate 
area; 80, 70, and 60 per cent for a 
10 per cent plate area, for 0.1- 0.2-, 
and 0.3-in. bubbles, respectively. The 
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smaller the bubble, the greater is the 
percentage ‘of the total absorption 
from this source and the lower that 
from the atmosphere. 

If air were diffused perfectly 
evenly over the entire area of a tank, 
the overturning and rising water cur- 
rents would be eliminated and the bub- 
ble detention would equal the depth 
divided by the upward slip (0.75 ft. 
per sec.) of the bubble. Referring to 
Table III and assuming, for illustra- 
tive purposes, that it were possible to 
diffuse air evenly over the entire tank 
bottom, the bubble detention for 15- 
ft. depth would be 20 see. and that for 
15-in. depth, 1.67 see. The bubble ab- 
sorption would be increased as the 
detention raised to the 0.86 power 
(Eq. 1) and the surface reaeration 
would be eliminated. The over-all ab- 
sorption would be improved over that 
for the 5 per cent plate area, increas- 
ing with air rate, amounting to about 
135 per cent more for the 15-ft. depth 
at 18 ¢.f.m. per 1,000 eu. ft. and about 
30 per cent more for the 15-in. depth 
at 85 ¢.f.m. per 1,000 eu. ft. 

The larger the bubble size, the less 
is the value of increasing diffusion 
area. For example, for a 0.3-in. bub- 
ble, an analysis similar to the forego- 
ing indicates that increasing the diffu- 
sion area from 5 to 100 per cent would 
result in a gain in over-all oxygen 
absorption of about 60 per cent for 
the 15-ft. depth at 18 ¢.f.m. per 1,000 
cu. ft. and a loss of about 25 per cent 
for the 15-in. depth at 85 ¢.f.m. per 
1,000 eu. ft. 

It is to be concluded, therefore, that 
for spiral flow aeration tanks of depths 
such as normally used, the diffuser 
plate area should be as large as eco- 
nomical and practical; taking into con- 
sideration such factors as the costs of 
the diffusion system, the problems in- 
volved in the distribution of the air 
to the diffusers, and the limitations of 
diffuser area as related to the mini- 
mum circulating velocities necessary 
for adequate mixing. The smaller the 
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air bubble, the deeper the tank, and 
the greater the B.O.D. loading, the 
more important it is to have as large 
an air diffuser area as economical and 
practical. For spiral flow aeration 
tanks, however, the rate of oxygen 
absorption will always vary as the rate 
of air application raised to a power 
less than 1.0, thus resulting in more 
power per pound of oxygen absorption 
as the rate of application increases in 
any particular diffuser system. 

This study has been made on aera- 
tion channels in which porous plate 
diffusers are set in rows along one 
side close to the wall. Improved oxy- 
gen absorption efficiency should result, 
however, if the rows are farther from 
the wall and also spaced farther apart. 
This would result in lower velocities 
in the rising liquid just above the 
diffusers and, therefore, would mean 
a longer retention of the air bubbles. 
The result would be similar to increas- 
ing the diffuser plate area, but not 
as effective. 

There are methods of increasing the 
time that the air bubbles are retained 
in the liquid other than by increasing 
the area over which the air is diffused. 
For example, if the velocities of the 
overturning currents are more than 
necessary to produce adequate mixing, 
these velocities could be reduced, thus 
improving absorption efficiency due 
to longer bubble retention, by diffus- 
ing a small part of the air near the 
wall on the side of the tank where the 
liquid is descending. In addition to 
slowing down the overturning veloci- 
ties, oxygen from this part of the air 
would be well-absorbed due to time 
required to rise against the descending 
currents in the tank. 

Improved knowledge of the me- 
chanics of oxygen absorption by 
means of air diffusion should lead 
to future modifications and develop- 
ments which will mean savings in the 
air and power necessary in the acti- 
vated sludge process of sewage treat- 
ment. 
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WATER POLLUTION ABATEMENT 


The recent report to the President 
by the Intergovern- 
mental Relations expressed the Com- 
mission’s encouragement at the prog 


Commission on 


ress of some states in water pollution 
abatement. At the time, the 
Commission is aware of the urgent 


same 


need for greater attention at all levels 
of government to stream pollution as 


one of the Nation’s most serious pub- 


believes the 
governments 


lic health problems. It 


state and national have 
a special responsibility for providing 
leadership and guidance to industry 
and local governments. 

In the water pollution 


Commission recommends 


field, the 
that (a) 


states vigorously enforce existing wa- 
ter pollution abatement laws and that 
they expand and improve their legis- 
lation in this field; (b) as a stimulus 
to further action, the national govern- 
ment provide technical and financial 
assistance to state and interstate pol- 
lution control agencies; (c) study be 
given to the desirability of federal 
financial assistance, for a limited time, 
to cooperative programs for the con- 
struction of pollution abatement fa- 
(d) both national and 
state governments take steps to ensure 
that their own agencies and installa- 
tions do not contribute to further 
stream pollution. 


cilities; and 
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EXPERIENCE WITH SUBSURFACE SAND FILTERS * 


By J. A. Satvato, Jr. 


Director, Division of Environmental Hygiene, Rensselaer County Health Department, 
Troy, N. Y.t 


In recent years there has been a 
great deal of research and engineering 
applied to the proper utilization of 
private sewage disposal and treatment 
systems (1)(2)(3)(4)(5)(6). This 
work has been necessary in order to 
control one of the major environ- 
mental sanitation problems associated 
with the scattered construction of 
homes where public sewers are not 
provided. During the same period 
only limited study has been given the 
design and construction of central 
sewage works for the smaller com- 
munities. 

There is general agreement among 
sanitary engineers that properly de- 
signed, constructed, maintained and 
operated central sewage works are the 
best means for the collection and 
treatment of the sewage from a com- 
munity. Although considerable prog- 
ress has been made (8) (9), more effort 
must go into making possible the con- 
struction of more sewage works be- 
fore and during the growth of a 
community. Public officials should 
actively discourage building construc- 
tion in areas where the soil is unsuit- 
able, until sewers connecting to a 
sewage treatment plant can be con- 
structed. They should encourage by 
proper planning and other induce- 
ments construction in sewered or 
adjoining areas. 

It is fruitless to argue the merits 
of central sewage works versus indi- 


* Presented at 1955 Annual Meeting of 
the New York Sewage and Industrial Wastes 
Assn.; New York, N. Y¥.; Jan, 20-21, 1955. 

t Formerly Chief, Bureau of General Sani- 


tation, Erie 


County Health Department, 
Buffalo, N. Y. 


vidual sewage treatment or disposal 
systems when the only practicable al- 
ternative for the immediate future is 
individual solution of the problem. 
However, the possibility and prac- 
ticability of obtaining central sewage 
works, or preventing new building 
construction, should be thoroughly ex- 
plored before construction of private 
systems are even considered. 

When percolation tests indicate that 
the soil is too tight for the disposal 
of sewage by conventional means, bul- 
letins and texts dealing with rural 
sewage disposal frequently have a 
notation at the bottom of the soil test 
interpretation table which reads ‘‘Un- 
suitable’’ or ‘‘Investigate sand filter 
trench’’ or ‘‘Consult with health de- 
partment.’’ Fundamental data on 
sewage disposal or treatment in tight 
soils are quite meager. Subsurface sand 
filter treatment systems, ‘‘transvap’’ 
disposal beds, tile field disposal sys- 
tems in suitable earth fill, trickling 
filter systems, open sand filters, sewage 
farming, oxidation ponds and privies 
are suggested possibilities where the 
alternative is discharge of septic tank 
effluent into the roadside ditch or on 
the surface of the ground. 


Filter Design 


A typical subsurface sand filter de- 
sign is shown in Figures 1 and 2. An 
application rate of 1.15 gal. (50,000 
gy.p.ad.) of septic tank effluent per 
square foot of sand surface per day 
and a daily sewage flow of 150 gal. per 
bedroom are used in design. The 
specifications call for a clean sand 
having an effective size between 0.30 
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and 0.60 mm. and a uniformity co- 
efficient not greater than 3.5. The 
Housing and Home Finance Agency 
(5) recommends clean filter sand hav- 
ing an effective size of 0.25 to 
0.50 mm. and a uniformity coefficient 
not greater than 4.0. The Ohio De- 
partment of Health, Division of Sani- 
tary Engineering (7), specifies a de- 
sign rate of 50,000 g.pad. with a 
sand having an effective size of 0.35 
to 0.50 mm. and a uniformity co- 
efficient not greater than 3.0 for sub- 
surface intermittent sand filters. All 
consider the subsurface filter a last 
alternative, where soil is tight. A 
dosing device is necessary ahead of 
the sand bed where the total length 
of distributors is more than 200 to 
300 ft. An alternating device feeding 
separate usually recom- 
mended when the total length of dis- 
tributors exceeds 600 to 800 ft. 


sections is 


Construction 


To function correctly subsurface 
sand filters must be properly con- 
structed and maintained. Undoubt- 
edly many so-called subsurface sand 
filters bear only an accidental re- 
semblance to the real thing, and in 
such cases the appearance of the efflu- 
ent probably confirms this fact. It 
is necessary, therefore, that all con- 
cerned with the building of subsurface 
sand filters fully understand the con- 
struction details. Typical drawings 
fully dimensioned are essential aids, 


but these should not be followed 


for gravel 


and earth cover. 
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blindly. The loss in head through 
the filter alone is 35 in. In the typi- 
cal section the total fall from the 
house sewer to the chlorine contact 
tank-inspection manhole outlet is at 
least 441% in. Unless this is taken into 
consideration before construction is 
started, pumping may be made neces- 
sary. Figure 3 shows a filter with 
sand bed, distribution box, distribu- 
tors and chlorine contact tank-inspec- 
tion manhole in place. Gravel and 
covering earth to grade will complete 
construction. 


Sand Size and Gradation 


Since it is impossible to determine 
the effective size and uniformity co- 
efficient of the sand by inspection, 
samples should always be analyzed. 
Local health departments may per- 
form this service for the private in- 
dividual. In the Erie County Health 
Department, N. Y., over 700 analyses 
have been made in the last five years. 
Except under particularly favorable 
conditions, the chances are that the 
local bank-run sand does not meet the 
filter sand specifications. It is then 
necessary to work closely with all local 
sand and gravel companies to encour- 
age production of this special sand 
at a reasonable price. The success or 
failure of the program may rest 
largely on the cooperation received. 
Sand and gravel companies have met 
these problems by running analyses 
at the sand bank being worked, and 
at the washing and screening plant. 
Representative check samples are col- 
lected by health department repre- 
sentatives from stock piles at the plant 
and at the job. 

Fair and Geyer (10) report that 
according to Allen Hazen, sands hav- 
ing uniformity coefficients between 1 
and 5 will have practically the same 
hydraulic characteristics, provided the 
effective size of the sands is the same. 
However, if the high efficiency of in- 
termittent sand filters to remove bac- 
teria and to remove or oxidize organic 
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FIGURE 3.—Typical filter ready 
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matter in sewage is to be maintained, 
the rate of filtration must be kept low 
—approximately one gallon per square 
foot of sand surface area per day. 
This will permit the biological coat- 
ings on the gravel and sand grains 
to undergo continuous stabilization. 

Experience shows that whereas the 
specifications for effective size can be 
easily met, the specifications for a uni- 
formity coefficient of less than 4.0 or 
3.0 is difficult to meet unless special 
washing and extensive screening are 
employed. On the other hand, a uni- 
formity coefficient of less than 4.5 or 
5.0 can be met more easily. 

Analysis of the limited data re- 
ported on here shows no clear relation- 
ship between uniformity coefficient or 
effective size of filter sand, and percent 
reduction in B.O.D., suspended solids, 
turbidity, oxygen consumed, bacteria 
or total nitrogen, nor with increase in 
nitrates and percent oxygen satura- 
tion. The uniformity coefficient var- 
ied between 6.1 and 2.6; the effective 
size varied between 0.23 mm. and 0.36 
mm. The filters studied were designed 
for a filtration rate of 1.15 gal. per 
square foot per day, and as nearly as 
can be determined the sand beds 
were not overloaded. In view of the 
work done by Allen Hazen, the results 
reported here and the lack of sub- 
stantiating data to the contrary, more 
stringent specifications than effective 
size 0.25 to 0.5 mm. and uniformity 
coefficient of less than 4.0 do not seem 
justified. 


Sand Filter Effluent 


It is sometimes stated that because 
sand filter effluent is usually well nitri- 
fied, the growth of aquatic plants is 
stimulated. The subsequent death and 
decay of plant life causes odors and 
unsightly conditions. This is a gen- 
eralization which is only sometimes 
correct. Actually many of the rea- 
sons for algal blooms are not clearly 
understood. 
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It does not necessarily follow that 
the supply of nitrogen from filtered 
sewage alone determines the growth 
of plant life. Other nutritional and 
environmental requirements must be 
met for prolific growths to take place. 
These include phosphorus, calcium, 
magnesium, boron and others, as well 
as high water temperatures and 
proper pH. In any ease, drainage 
from soil, chemically fertilized or 
manure treated fields, as well as cer- 
tain industrial wastes, can contribute 
as much or more food for plant growth 
than a well nitrified subsurface sand 
filter effluent. Bartsch (11) summa- 
rizes this point by stating ‘‘water 
everywhere is a potential culture me- 
dium for at least some kinds of algae. 
Surface waters naturally contain all 
kinds of nutrient elements needed for 
growth, some of which are used only 
in trace quantities.’’ 

In Erie County, New York, about 
1,500 subsurface sand filters, in an 
area of 1034 square miles, have been 
installed over a period of almost five 
years. These treatment systems were 
designed in accordance with the 
standards given in this paper. They 
were installed under the general su- 
pervision of the health department 
sanitary engineers and sanitary in- 
spectors. The average cost of a typi- 
cal system including the septic tank 
and contact tank was $500 to $600 for 
a one-family house. With 1,500 pri- 
vate systems installed, this represented 
an expenditure of about $825,000 to 
serve 5,250 persons. If this construe- 
tion could have been confined to an 
area of one square mile where a con- 
tact tank and sump pump 
omitted, the would be reduced 
by $150 per dwelling. Another way 
of looking at this is that about 400,000 
gallons per day of septic tank effluent, 
which would normally overflow onto 
the surface of the ground or into a 
watercourse, is receiving complete 
treatment. 
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TABLE I.—Typical Septic Tank and 
Subsurface Sand Filter Effluent 


Sewage Effluent! 


Jeterminat : 
Determination Subsurface 
Sand 
Filter 


Septic Tank 


Bacteria per ml., Agar, 76,000,000 127,000 
36°C., 24 hr 
Coliform group M.P.N 
Color (p.p.m.) 
Turbidity (p.p.m.) 
Odor* 
Suspended matter* 
) 
Temperature °C 
BOD , 5-day (p.p.m.) 
D. ©. (p.p.m 
D. O. saturation (%) 
Nitrogen, total (p.p.m.) 
Free ammonia 
Organi 
Nitrites 
Nitrates 
Oxygen consumed (p.p.m.) 
Chiorides (p.p.m.) 
Alkalinity (p.p.m.) 
Total solids (p.p.m.) 
Susp. solida (p.p.m.) 


>110 million 150,000 
5 2 


' Median results, using 51 samples from sep- 
tic tanks and 56 from filters. 

*| = very slight, 2 = slight, 3 = distinct, 4 =de- 
cided, 5 = extreme 


Sampling 


In this study, 51 samples from septic 
tanks and 56 from subsurface sand 
filters at 19 establishments were ex- 
amined. The determinations made 
and typical results are shown in Table 
1. The places sampled included three 
children’s summer camps, 
mentary school, five motels, two private 
homes, three two 
developments, two trailer 
camps and one factory. Two units 
were put in operation in 1950, five in 
1951, eleven in 1952 and one in 1954. 

All samples were grab samples col- 
lected between 9:30 am and 11:00 am 
Wednesday or Thursday and 
were delivered to the laboratory by 
noon 


one ele- 


restaurants, small 
housing 


on a 


Examinations were made in ac- 
cordance with ‘‘Standard Methods.”’ 


Operation of subsurface sand filters 


The data for B.O.D., 
solids, turbidity, oxygen consumed, 
and nitrogen removal, and increase in 
nitrates and dissolved oxygen satura- 
tion were plotted to determine any 
noticeable relationships between these 


suspended 


August, 1955 
values. It was observed that the per- 
cent reduction in the sum of ammonia 
and organic nitrogen varied directly 
with the increase in the sum of nitrite 
and nitrate nitrogen. Free ammonia 
in the septic tank effluent was reduced 
from a median value of 12 p.p.m. to 
0.7 p.p.m. and the organic nitrogen 
content was reduced from 12 p.p.m. 
to 34 p.p.m. The nitrites were in- 
creased from a median of 0.001 p.p.m. 
to 0.02 p.p.m. and the nitrates from 
0.12 p.p.m. to 17 p.p.m. As is appar- 
ent, excellent nitrification was ob- 
tained. Significant relationships be- 
other constituents were not 
apparent. Typical efficiencies of sub- 
surface sand filters are given in Table 
Il. Per cent removals of B.O.D. and 
suspended solids are given for 45 fil- 
ters by Figure 4. 

A statistical frequency distribution 
study and graphical analysis of the 
data showed that 50 per cent of the 
septic tank effluents, that is, those in 
the middle quartile, had a B.O.D. of 
70 to 215 p.p.m. and a suspended sol- 
ids of 60 to 200 p.p.m. The filter 
effluent results in the middle quartile 
had a B.O.D. of 2% to 11 p.p.m., a 
suspended solids of 6 to 22 p.p.m., a 
nitrate content of 6 to 22 p.p.m., and 
a dissolved oxygen concentration of 
3.3 to 7.6 p.p.m. with a per cent satu- 
ration of 32 to 70 per cent. The 
study also showed that 90 per cent 


tween 


TABLE Il.—Typical Efficiencies of 
Subsurface Filters’ 


| Per Cent 


Determination 
Reduction 


Bacteria per ml., Agar, 
36° C., 24 hr. 
Coliform group: 
M.P.N. per 100 ml. 99.6 
B.O.D., 5-day (p.p.m.) 97 
Susp. solids (p.p.m.) | 88 
Oxygen consumed (p.p.m.) | 7% 
Total nitrogen (p.p.m.) 42 
Free ammonia 94 
Organic | 7% 


| 


99.5 


1 Effluent will contain 5.2 p.p.m. dissolved 
oxygen and 17 p.p.m. nitrates. 
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of the time the suspended solids in 
the filter effluent was less than 37 
p.p.m. and 90 per cent of the time 
the B.O.D. in the filter effluents was 
less than 21 p.p.m. The turbidity in 
the filter effluent was less than 14 
p-p.m. 75 per cent of the time and 
less than 33 p.p.m. 90 per cent of the 
time, 

Study of the data revealed an ap- 
parent contradiction as to dissolved 
oxygen content. One sand filter serv- 
ing a motel was inadvertently com- 
pletely covered with tarpaper before 
being covered with earth. Two sam- 
ples collected from this filter were 31 
and 60 per cent saturated with dis- 
solved oxygen. Another filter serving 
a development of 12 dwellings was 
covered with about 7 feet of tight clay 
soil. Seven samples were collected 
from this filter over a period of 24% 
years. Dissolved oxygen was found 
in every sample with the satu- 
ration varying from 23 to 100 per 
cent. Of the 56 subsurface sand filter 
samples examined, only one did not 
contain any dissolved oxygen. 

Chlorination treatment at the outlet 
of a subsurface sand filter was found 
to be extremely effective in producing 
an effluent of satisfactory bacteriologi- 
cal quality. Bacteria counts of less 
than 120 per ml. and coliform counts 
of less than 3.0 per 100 ml. were con- 
sistently obtained with a flash residual 
chlorine in the filter effluent of 0.3 to 
2.0 p.p.m. after a design detention pe- 
riod of 15 minutes. 

A field spot check of 70 of the 1,500 
subsurface sand filters that had been 
in operation two to five years was 
made by members of the health de- 
partment staff to learn of any operat- 
ing difficulties. In only one case was 
a slight odor reported. There had 
been no difficulty with operation at 
any of the places and the point of 
discharge to the ditch or stream was 
clear. 

During the five year study only nine 
of the more than 1500 subsurface sand 
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B.O D - 5 Day 


PERCENT 


REMOVALS BY SAND FILTERS 
FIGURE 4.—Removals by sand filters. 


filters were known to have failed. 
Causes of the failures were obvious 
on inspection. Annual inspection of 
residential septic tanks to determine 
the need for cleaning, and monthly 
sludge and scum reading of those 
tanks serving public or business places 
are indicated and warranted as a 
standard economic and public health 
preventive practice. 

The question most frequently asked 
concerning subsurface sand filters is 
‘How long will they last?’’ or ‘* Why 
don’t they plug up in a couple of 
years?’’ The same questions could be 
asked about subsurface tile field sys- 
tems which are properly designed and 
maintained. Although many theories 
have been advanced, additional study 
and research is needed to provide 
satisfactory answers to these and re- 
lated questions. 


Summary 
Subsurface sand filters can provide 


good treatment of settled sewage 
where the conventional type leaching 


2 

a 

SES 
» 
ag = 
» 
SAMPLES 
ts 

w 

SAMPLES 

& 

1 

4 


916 


systems cannot be expected to function 
properly. Information on the opera- 
tion of such filters is meager. Design 
and construction information is given 
for subsurface sand filters to serve the 
average private home. The laboratory 
and field investigations reported show 
that a high quality, clear, stabilized 
and inoffensive effluent can be con- 
sistently obtained from a properly de- 
signed, constructed and maintained 
subsurface sand filter treatment sys- 
tem for many years. More research 
and study of the mechanism of puri- 
fication and clogging is needed. 
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BIOCHEMICAL DEGRADATION OF SYNTHETIC 
DETERGENTS 


II. Studies on the Relation Between Chemical Structure and 
Biochemical Oxidation 


By Ricuarp H. Bogan anp N. Sawyer 


Department of Civil and Sanitary Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 


The presence of increasing quanti- 
ties of synthetic detergents in sewage 
and in some surface waters has be- 
come a matter of growing concern to 
many. The unique physical chemical 
characteristics of these surface active 
agents place the burden for their re- 
moval and the mitigation of their un- 
desirable effects squarely upon the 
biological purification process of sew- 
age treatment and of receiving waters. 
It is apparent that the extent or mag- 
nitude of the problems arising from a 
given synthetic detergent are largely 
a function of the biological persistence 
or biological ‘‘half life,’’ so to speak, 
of the substance. 

Preliminary studies (1) have dis- 
closed that certain detergent types 
notably the alkyl sulfates, sulfonated 
fatty acid amides and esters, and cer- 
tain derivatives of low molecular 
weight polyethylene glycols—are sub- 
ject to rapid biological stabilization. 
Those syndet types which are in gen- 
eral very slowly oxidized biochemically 
have been identified as the alkylaryl 
sulfonates, alkyl phenoxy polyethoxy- 
ethanols and, in general, derivatives 
of high molecular weight polyethylene 
glycols. Significantly, an ever increas- 
ing proportion of the syndets marketed 
in the United States are comprised of 
the more slowly oxidized molecular 
types. In fact, approximately 70 per 
cent of the synthetic detergents mark- 

* Present address: Civil Engineering De- 
partment, University of Washington, Seattle, 
Wash. 


eted at the time of this investigation 
could be categorized as being suscep- 
tible to a relatively slow rate of aerobic 
stabilization (1) (2). 

The observed paradoxical behavior 
of certain detergent types such as the 
alkylaryl sulfonates and the polyoxy- 
ethylene derivatives strongly suggests 
that relatively minor changes or alter- 
ations in molecular structure may be 
responsible for rather widespread vari- 
ations in susceptibility to biochemical 
oxidation (1). Moreover, considera- 
tion of those molecular types which 
are but slowly assimilated aerobically 
indicates that a certain few molecular 
constituents or groups may be pri- 
marily responsible for this relative 
biochemical inertness. It was the pur- 
pose of the research reported herein to 
establish information relating to 
the relationships which may exist be- 
tween molecular structure and the 
susceptibility of a synthetic detergent 
to biochemical oxidation. 


Experimental Procedure 


The method employed in these stud- 
ies was to follow the biochemical oxi- 
dation of various organic compounds 
by means of the Warburg apparatus 
and by the standard dilution B.O.D. 
technique (3). An aeclimated acti- 
vated sludge and a domestic sewage 
were used as seed in the B.O.D. de- 
terminations. The laboratory equip- 
ment was the same as used in the pre- 
liminary studies (1). However, the 
procedure for developing an aecli- 
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TABLE I.-—-Acclimation Schedules for Syn- 
thetic Detergents and Pure Organic 
Compounds 


Day | Feed 


(a) Synruenic Derercents 


Sewage 
Sewage 
Sewage 
Sewage 


. syndet 
. syndet 
. syndet 
. Byndet 
Sewage . syndet 
Sewage . syndet 
Tap water + 50 p.p.m. syn- 
det + 10 p.p.m. NH;—N 
and 25 p.p.m. Na,HPO, 


8, 9 

10, 11 

12, 13, 14 

48 hr. before use 


(6) Pure Compounps 


Sewage + 10 
stance 

Sewage + 20 
tance 

Sewage + 50 
stance 

Sewage + 100 p.p.m. 
stance 

Tap water + 100 p.p.m. sub- 
stance + 10 p.p.m. NH;—N 
and 25 p.p.m, Na,HPO, 


p-p.m, sub- 


sub- 


p-p.m. 
6, 7,8 


p-p.m. sub- 


9 to 14 


sub- 


48 hr. before use 


mated sludge was modified somewhat 
from that employed during the pre- 
liminary investigation. 

The activated sludges employed in 
this phase of the investigation were 
developed and maintained on a once- 
daily feeding of domestic sewage and 
the particular substance under study. 
Sewage was filtered through cheese- 
cloth to remove large solids and debris 
prior to feeding. All sludges were 
acclimated for a minimum of 14 days. 
The acclimation and feeding schedules 
were as given in Table LI. 

Aeration solids were allowed to ac- 
cumulate to that concentration 
ported by a once-daily feeding. 
only sludge wasted was that 
vertently carried over in decanting 
clear liquor from the aeration tubes 
after settling for 1 hr. At each feed- 
ing 1 1. of supernatant was wasted 
and the volume brought up to 1,500 
ml. with Boston sewage. The ap- 


sup- 
The 


inad- 
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propriate concentration of the sub- 
stance under study was then added 
and aeration commenced. 

In preparing the sludges for use in 
the Warburg apparatus, mixed liquor 
was settled for 1 hr. and then all pos- 
sible clear liquor was decanted. The 
settled sludge was then passed through 
cheese cloth and the suspended solids 
determined. Sludge was diluted with 
tap water so as to result in the con- 
centration desired for use in the War- 
burg flasks. Activated sludge was 
treated as in the preliminary studies 
for use as a B.O.D. seed material (1). 

The laboratory schedule was so ar- 
ranged that the acclimation period 
for any given group of substances 
was generally 16 days + 48 hr. 


Experimental Results 


The aerobic assimilation of a num- 
ber of organic substances was studied. 
Compounds were selected which repre- 
sented both the major synthetic deter- 
gent types as well as certain molecular 
constituents. In order to facilitate the 
quantitative analysis of biochemical 
oxidation data, each substance studied 
was employed as the sole source of 
organic carbon in both the B.O.D. and 
the Warburg analyses. Only materials 
of the highest possible degree of purity 
or of known chemical definition were 
selected. 


Major Syndet Molecular Types 


As noted earlier, resistance to bio- 
logical degradation is associated with 
the following detergent types: alkyl 
benzene sulfonates, alkyl phenoxy 
polyethylene glycols, and certain ali- 
phatic derivatives of polyethylene 
glycol. The principal limitation of 
this phase of the study was the avail- 
ability of syndet types of a degree of 
purity such that their chemical consti- 
tution could be clearly established. 

Three alkyl benzene sulfonates were 
studied, n-dodecylbenzene sodium sul- 
fonate, kerylbenzene sodium sulfonate, 
and tetrapropene benzene sodium sul- 


1, 2,3 | 
im 4, | 
6, 7 
i 
| 
} 
1,2,3 
© 
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fonate. The n-dodecylbenzene sulfon- 
ate was obtained from the Atlantic Re- 
fining Company and was a _ pure 
chemical identity. The other two 
alkyl benzene sulfonates were supplied 
by the Procter and Gamble Company 
and represent middle portions of a 
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each of two reasonably well-defined 
commercial preparations. 

Six other synthetie detergents also 
were studied, comprising one each of 
the following substances: alkyl sul- 
fate, sulfonated fatty acid amide, sul- 
fonated fatty acid ester, alkyl phenoxy 


narrow distillation cut taken from  polyethoxy ethanol, polyoxyethylene 


TABLE II.—B.O.D. of the Principal Syndet Molecular Types 


5-Day 20° B.O.D. 
Biochem, Oxid, by 
Warburg Technique* 


Theor. 
Accel. Act. Sl, Beed 


Oxygen Sewage Seed 
Demand for 
Complete 
Oxidation Os Util. by | % of 

(p.p.m.) B.0.D. B.O.D T | Syndet in 
(p.p.m.) (p.p.m.) 2 6 br On 
Demand | (p.p.m.) | Demand 


Alky] Benzene Sulfonates: 
n-dodecy! benzene sodium 


sulfonate 2,370,000 | 237,000 J 1,046,000 300,000) 12.7 


Synthetic Detergent 


Kery! benzene sodium 
sulfonate 2,370,000" 535,000 240,000 


Tetrapropene benzene 


sodium sulfonate 2,370,000" 81,000 3: 40,000 


Alky! Sulfate: 
n-dodecy! sodium sulfate | 2,280,000 | 1,307,000 1,362,000 930,000 


Sulfonated Fatty Acid 
Amide: 

Oleoyl-N-methyl-N- 
sodium taurate (Igepon 
T-77) 1,443,000 1,558,000 


Sulfonated Fatty Acid 
Ester: 

Oleoy] ester of sodium ise- 
thionate (Igepon AP-78) 1,315,000 


Alkyl Phenoxy Poly- 
ethoxy Ethanol: 

Octy! phenoxy tetra- 
ethoxy ethanol (OPE-5) 


Polyoxyethylene Fatty 
Acid Amide: 

Hydrogenated Tallow 
amide (Ethomid HT/60) 


Polyoxyethylene Fatty 
Acid Ester: 

Stearic acid ester 

(Ethofat 60/60) 1,950,000" J 316,000 


' By standard dilution technique. 
* With acclimated activated sludge; summarized from Figures 1 through 9. 
* Estimated. 


= 
fe 
4 
| 
10.1 
1.7 
40.7 
| 
| 
| 56.0 | 1,560,000} 56.0 
| 
| 59.8 | 1,460,000) 66.5 | 990,000) 45.0 
2,370,000} 310,000) 13.1 390,000) 16.4 170,000' 7.2 
| 1,950,000" 29,000) 1.5 | 310,000) 15.9 160,000) 8.2 
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fatty acid amide, and polyoxyethylene 
fatty acid ester. Of these only the 
alkyl sulfate was a pure chemical 
identity. The other substances were 
commercial preparations and were se- 
lected either because their chemical 
constitution was well defined or be- 
cause they were the best available ma- 
terial representative of a particular de- 
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tergent type. The alkyl sulfate was 
n-dodecyl sodium sulfate and was 
furnished by Procter and Gamble. 
Both B.O.D. and Warburg data on 
oxygen utilization have been summar- 
ized in Table Il. Warburg data are 
also presented in Figures 1 through 
9. These data show the relative abil- 
ity of both acclimated and nonaccli- 


n DODECYL Ny 


ATLANTIC CO PURE CHEMICAL IDENTITY 
4. 


KERYL ()S03Ne 
PROCTER @ GAMBLE HARROW DISTILLATION CUT 
| 


ACCLIMATED ACTIVATED 
CONCENTRATION 


T 1 

ACCLIMATED ACTIVATED SLUDGE 
CONCENTRATION 3600 PPM 


8 


OXYGEN UTILIZED PPM 


° 


TETRAPROPENE No 


ACCLIMATED ACTIVATED 
CONCENTRATION 3900 PPM 


PROCTER & GAMBLE HARROW DISTILLATION CUT 
T T T T 


n= DODECYL SO, Ne 

PROCTER AND GAMBLE PURE COMPOUND 

T 

ACCLIMATED ACTIVATED SLUDGE 
CONCENTRATION 3000 PPM 
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TIME MINUTES 


400 


80 160 400 
TIME MINUTES 


FIGURES 1-4.—Oxygen utilized in Warburg apparatus. 
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Cir 
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sogne 


GENERAL OVYESTUFF 
ACCLIMATED ACTIVATED SLUDGE 


GENERAL DVYESTUFF AP-I8 


ACCLIMATED ACTIVATE 
CONCENTRATION 3000 P 


CONCENTRATION 3200 PPM 


Nn 
° 


° 


OXYGEN UTILIZED P.P.M. 


POLYOXYETHYLENE AMIDE OF 
HYDROGENATED TALLOW 
ARMOUR ETHOMIO 


POLYOXYETHYLENE ESTER OF 
STEARIC ACID 
ARMOUR ETHOFAT 


t t t T 
ACCLIMATED ACTIVATED SLUDGE 
CONCENTRATION 2600 PPM 


° 


ACCLIMATE ACTIVATED 
CONCENTRATION 3000 PPM 


° 


o 


OXYGEN UTILIZED PPM. 


60 160 240 3200 400 
TIME MINUTES 


60 160 6240) «693200 400 
TIME MINUTES 


FIGURES 5-8.—Oxygen utilized in Warburg apparatus. 


mated mixed cultures to utilize the 
major detergent types. In all but 
two cases—namely, those of n-dodecyl- 
benzene sulfonate and  n-dodecyl 
sulfate—the data represent the bio- 
chemical behavior of the isomeric and 
homologous mixtures of commerce. 


The B.O.D. data in Table II and the 
Warburg data shown in Figures 1, 2, 
and 3 shed some light on the appar- 
ently paradoxical behavior of the alkyl 
benzene sulfonates observed in the pre- 
liminary studies. These data suggest 
that the biochemical oxidation of the 
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ACCLIMATED ACTIVATED SLUDGE 
CONCENTRATION 3600 PPM 


° 


° 


° 


OXYGEN UTILIZED PPM 


160 240 320 400 
TIME MINUTES 


FIGURE 9.—Oxygen utilized in 
Warburg apparatus. 


alkyl benzene sulfonates is strongly 
influenced by the nature of the alkyl 
group. The behavior of n-dodecyl- 
benzene sodium sulfonate shows that 


this type of organic compound is not 
inherently resistant to biological as- 


similation. The keryl benzene sulfon- 
ate investigated was representative of 
one of the two major alkyl benzene 
sulfonates of commerce. This material 
is characterized by alkyl groups which 
are essentially straight chain hydro- 
carbons and is structurally somewhat 
similar to n-dodecylbenzene sulfonate. 
Keryl benzene sulfonate was found to 
be slightly more resistant to biochemi- 
cal stabilization than was n-dodecyl- 
benzene sulfonate. The tetrapropene 
sulfonate represented the 
principal alkylaryl sulfonate of com- 
merce. It is a complex isomeric mix- 
ture in which the alkyl groups are 
highly branched polymers of four pro- 
pene molecules. The biochemical be- 
havior of this substance presents a 
marked contrast to that of the first two 
alkyl benzene sulfonates. Resistance 
to biochemical oxidation appears to be 
a result of a highly branched alkyl 
group 


benzene 
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Again, as was found in the pre- 
liminary studies, the alkyl sulfates and 
the sulfonated fatty acid amides and 
esters were readily available as bac- 
terial food and, therefore, are sus- 
ceptible to rapid aerobic biological 
stabilization. These data (Table II 
and Figures 4, 5 and 6), when in- 
terpreted in accordance with the find- 
ings of Placak and Ruchhoft (4), in- 
dicate nearly complete assimilation of 
these three syndets has taken place 
within 6 hr. by 3,000 p.p.m. of ac- 
climated activated sludge. 

The octylphenoxy tetraethoxy etha- 
nol used in these studies (Figure 9 
and Table IL) was a commercial grade 
preparation. The octyl group was a 
branched structure similar to that of 
the propene tetramer. The biochemical 
oxidation of this substance presents an 
interesting situation. Its degree of 
oxidation fell between that of keryl 
benzene sulfonate and tetrapropene 
benzene sulfonate. At the same time, 
both the rate and extent of oxidation 
appears similar to that of both Eth- 
omid HT/60 (Figure 7) and Ethofat 
60/60 (Figure 8), to which it bears 
only a slight resemblance; namely, a 
polyoxyethylene hydrophilic group. 
This raises a question as to where in 
the octylphenoxy tetraethoxy ethanol 
molecule oxidation was taking place; 
the branched octyl group, the polyoxy- 
ethylene hydrophilic group, or both? 

The two high molecular weight 
polyoxyethylene derivatives, Ethomid 
HT/60, a hydrogenated tallow amide, 
and Ethofat 60/60, a stearic acid 
ester, exhibited similar bio-oxidative 
behavior with acclimated activated 
sludge, but acted quite differently in 
the presence of domestic sewage seed 
(Table II and Figures 7 and 8). Ap 
parently, those organisms capable of 
utilizing the tallow amide were not as 
numerous in Boston sewage as were 
those capable of assimilating the fatty 
acid ester. Acclimation resulted in an 
approximately equal degree of utiliza- 
tion of either Ethomid HT/60 or Etho- 
fat 60/60 by activated sludge. 
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Certain Organic Molecular Compo- 
nents of Syndets 


The preceding experiments have 
demonstrated a number of interesting 
relationships between syndet structure 
and susceptibility to biochemical oxi- 
dation. Especially interesting is the 
apparent role which branching of an 
alkyl group plays in retarding bio- 
chemical oxidation. The manner in 
which the hydrophilic polyoxyethyl- 
ene group affects oxidation remains 
obscure. It was felt that further ex- 
periments with substances resembling 
these two important molecular com- 
ponents would help to better under- 
stand the role they play in controlling 
biochemical oxidation. 

Strictly speaking, the biochemical 
behavior of organic compounds re- 
sembling certain molecular constitu- 
ents of synthetic detergents must be 
interpreted with reservation. Many 


of the physical and chemical prop- 
erties of these organics may not be 
operative in or may be modified by the 


syndet molecule as a whole. In this 
respect there is the question of solu- 
bility. Some substances, such as the 
petroleum hydrocarbons, are only 
sparingly soluble in water and hence 
may accordingly modify the biochemi- 
cal oxidations of activated sludge or 
of the B.O.D. test. On the other hand, 
by studying the behavior of a reason- 
ably restricted group or homologous 
series of compounds, for example cer- 
tain alkylbenzenes, so as to limit sig- 
nificant physical chemical variations, 
it is possible that important biochemi- 
cal functions may be observed by con- 
trast. The limited availability of high 
molecular weight polyethylene glycols 
and mono alkyl benzenes having more 
than four carbon atoms in the alkyl 
group of adequate chemical definition 
restricted the scope of this study. 
Warburg data showing oxygen utili- 
zation in contact with activated sludge 
are shown in Figures 10 through 15, 
and B.O.D. data are presented in Table 
III. These data illustrate the bio- 
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chemical behavior of certain synthetic 
detergent molecular components both 
in the presence of acclimated activated 
sludges and by non-adapted domestic 
sewage seed. 

A 12-carbon-atom alkyl group is a 
commonly encountered molecular com- 
ponent (viz., lauryl sulfate, dodecyl- 
benzene sulfonate, ete.) Two 12-car- 
bon aliphatics were studied—n-dode- 
cane and dodecyl alcohol. Warburg 
data are shown in Figures 10 and 11 
and are summarized together with 
B.O.D. data in Table III. These data 
demonstrate that a saturated, straight 
chain, 12-carbon aliphatic hydrocarbon 
can be assimilated under aerobic con- 
ditions, albeit slowly, by the microor- 
ganisms indigenous to domestic sew- 
age. Opening up one end of the 
dodecyl molecule markedly increases 
its rate of oxidation. Apparently oxi- 
dation of the terminal methyl groups 
of n-dodecane is a much slower reac- 
tion than the subsequent oxidative 
changes. 

The biochemical oxidation of sodium 
oleate and sodium stearate have been 
summarized in Table III. Oxidation 
of these two fatty acids by acclimated 
activated sludge is shown in Figures 
12 and 13. The apparent rate of as- 
similation of oleic acid is slightly 
greater than that of stearic acid, other 
things being equal. This may be re- 
lated to the double bond between car- 
bons 9 and 10 in the oleate molecule. 
The rate and extent of bio-oxidation 
of sodium stearate and of dodecyl aleo- 
hol by acclimated activated sludge ap- 
pears similar, as might be expected. 

Figures 14 and 15 indicate that the 
biochemical oxidation of 2-ethoxy- 
ethanol and 2-(2 ethoxyethoxy) etha- 
nol by acclimated activated sludge was 
both rapid and nearly complete during 
a 6-hr. aeration period. The biochemi- 
cal behavior of these two ethoxy de- 
rivatives was quite surprising and 
contrary to what had been expected. 
This indicates that the oxygen atom or 
ether linkage in a low molecular 
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weight polyoxyethylene did not block 
its degradation. 

The biochemical oxidative behavior 
of benzene and certain of its deriva- 
tives is summarized in Table III. 
Sodium benzene sulfonate was found 
to be markedly more susceptible to bio- 
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chemical oxidation than was benzene. 
Apparently the presence of the sul- 
fonate group materially alters the be- 
havior of the benzene ring. This bio- 
oxidative activation was not observed 
with 2, 3, and 4 carbon atom side 
chains. In fact, the biochemical oxida- 
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FIGURES 10-13.—Oxygen utilized in Warburg apparatus. 
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FIGURES 14-15.—Oxygen utilized in Warburg apparatus. 


TABLE III 


-—B.0. 


Theor. 
Oxygen 
Demand for 
Complete 
Oxidation 
(p.p.m.) 


Substrate 


B.O.D 


3,480,000 
3,100,000 


n-Dodecane 
n-Dodecy! alcohol 


Sodium oleate 
Sodium stearate 


2,710,000 
2,750,000 


2Ethoxy ethanol 
2(2Ethoxyethoxy)-ethanol 


1,960,000 
1,910,000 


Sodium benzene sulfonate 
Benzene 

Ethyl! benzene 

n-Propy! benzene 
n-Buty! benzene 

t-Butyl benzene 


1,290,000 
3,080,000 
3,170,000 
3,200,000 
3,600,000 
3,600,000 


' By standard dilution technique. 
* With acclimated activated sludge. 


tion of the alkyl benzene type of mole- 
cule was related to the nature of the 
alkyl group. The even-numbered 
ethyl and n-butyl alkyl groups are ap- 


(p p.m. 


Sewage Seed 


) 


98,000 
837,000) 


1,059,000 
1,065,000 


149,000 
157,000 


34,000 
58,000) 
88,000) 
72,000) 

455,000) 
11,000) 


5-Day 20° B.O.D. 
Biochem. Oxid. by 
Warburg Technique* 


Accl. Act. 81. Seed 


% of 
Theor 
Os 
Demand | 
| 


Os Util. by 
Substrate 
in 6 br 
(p.p.m.) 


B.O.D 
(p.p.mn.) On 
Demand Demand 


120,000 
470,000 


8.0 
29.7 


2.8 279,000 


920,000 


3.5 
15.2 


1,717,000 
1,467,000 


63.5 
53.3 


620,000 
480,000 


22.8 


1,065,000) 
656,000) 


1,010,000 
760,000 


960,000 
75,000) 
$4,000, 
81,000 

499,000 
12,000 


500,000 
100,000 
260,000 
25,000 
200,000 
20,000 


parently more susceptible to oxidation 
than either the odd-numbered n- 
propyl or the highly branched tert.- 
butyl alkyl groups. These results are 


Vol. 27, No. 8 
240 
| 
= af | 
ESE 
ik 
of Syndet Molecular Components 
= 
39.0 
8.2 34.3 | 39.8 
26 74.5 | 38.8 
’ 1.9 24 3.3 
2.8 2.7 8.2 
2.3 2.5 0.8 
12.6 13.9 5.6 
| | 0.3 0.3 0.6 


926 


most interesting, for they indicate that 
a straight chain, 3-carbon alkyl group 
is peculiarly resistant to oxidation; 
also, they tend to confirm this sig- 
nificance of branching of an alkyl 
group in restricting oxidation of the 
alkyl benzene molecule. 


Discussion 


The biochemical behavior of the com- 
mercially important detergent types 
appears to be closely associated with 
the nature of two major molecular 
constituents: (a) the hydrophobic 
alkyl group, and (b) the hydrophilic 
polyoxyethylene group of the non- 
ionics. 

The most commonly used hydro- 
phobic alkyl groups are derived largely 
from two sources—naturally occurring 
fatty acids and petroleum hydrocar- 
bons, both paraffins and oleins (5). 
The spatial configuration of the alkyl 
carbon chain is either essentially 
straight or highly branched. The size 
of these alkyl chains may range from 
8 to 20 or more carbon atoms. Best 
detergency appears to be associated 
with those surface active agents in 
which the alkyl carbon chains average 
approximately 12 carbon atoms in size. 

Polyoxyethylene, C,H, (OC,H,),, is 
the chief solubilizing group of the non- 
ionic-type detergents (2)(5). Ethyl- 
ene oxide may be readily condensed 
or polymerized with various hydro- 
phobie groupings. Condensation of 
ethylene oxide is a complex reaction. 
Even under ideal conditions condensa- 
tion reaction products are a complex 
mixture of varying length polymers. 
All that is possible commercially is to 
obtain a product having certain aver- 
age or gross characteristics. These 
polyoxyethylene hydrophilic groups 
may contain from less than 5 to more 
than 20 units of ethylene oxide (5). 

In retrospect, the biochemical inert- 
observed with certain 


ness of these 


detergents of commercial importance 
at the time of this study was found 
to be associated primarily with the high 
molecular weight polyethylene glycols 
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and with the branching of alkyl car- 
bon chains. To a somewhat lesser ex- 
tent the chance synthesis of isomers 
and homologs may also retard the rate 
of oxidation of certain detergent types. 

It has been observed that the bio- 
chemical oxidation of an organic com- 
pound may be retarded by the presence 
of a common functional group in sev- 
eral different compounds. Similarly, 
the presence of isomers and homologs 
frequently results in a decrease in the 
rate at which a given substance is 
assimilated. The phenomenon opera- 
tive here is generally held to be one of 
competitive inhibition for the active 
enzyme centers (6)(7). Since most 
commercial synthetic detergents are 
complex mixtures of both isomeric and 
homologous compounds, it seems likely 
that many of them may not be as read- 
ily assimilated as are pure organic 
compounds which represent a given 
type of detergent. This was actually 
observed with the relatively slowly 
assimilated alkyl benzene sulfonates of 
commerce, but not with the readily 
oxidized alkyl sulfate type. The im- 
plication is that such inhibition or 
retardation is significant with the more 
stable substances, but not necessarily 
with the more readily assimilated ma- 
terials in an acclimated sludge system. 

The biochemical significance of 
branching in an alkyl group appears 
to be primarily a chemical phenome- 
non. According to Sexton (8), re- 
placement of active hydrogen with 
CH,, other alkyl groups, and halogens, 
often alters the chemical reactivity of 
the molecule either by blocking chemi- 
cally reactive positions or by activat- 
ing other positions. In this respect the 
substitution of methyl and possibly 
other alkyl groups for hydrogen in a 
hydrocarbon chain might very effec- 
tively block or retard oxidative de- 
gradation of that chain. 

Certain physical chemical character- 
istics of a synthetic detergent may 
have a marked bearing on its suscepti- 
bility to biochemical oxidation. The 
seemingly paradoxical behavior of the 
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low molecular weight and the high 
molecular weight polyethylene glycols 
can be explained in part, at least, 
on physical chemical grounds. In- 
creasing the size of the polyoxyethyl- 
ene molecule results in an abrupt re- 
duction of its lipophilic tendencies. 
This, together with increasing size, 
apparently results in a sharp decrease 
in the ability of the polyoxyethylene 
molecule to diffuse through cell mem- 
branes. 

It has been seen that an acclimated 
sludge is capable of readily breaking 
the ethoxy ether linkage. Apparently 
diffusion through cell membranes falls 
off rapidly after the ethylene glycol 
molecule is increased in size beyond 3 
to 5 moles of ethylene oxide. The very 
slow rate of oxidation observed with 
the higher molecular weight ethylene 
glycols could be accounted for by dis- 
persed intracellular enzymes originat- 
ing from lysed and dead cells. Such 
metabolic activity would be largely 
random in occurrence and even fortui- 
tous in nature, and because of the 
extremely low enzyme concentration 
existing at any given time the observed 
rate of oxidation would be slight. Bio- 
chemically the ethoxy ether linkage is 
readily susceptible to microbial cleav- 
age and yet physically only the smaller 
ether molecules can apparently reach 
the necessary enzyme centers in the 
cell. 

It has been seen that the nature of 
the biological test media can markedly 
affect the apparent behavior of certain 
synthetic detergents. Because of this 
a number of conditions must be satis- 
fied. Ample opportunity for acclima- 
tion of the biological medium is a 
fundamental requirement. At the 
same time, adherence wherever pos- 
sible to conditions of diet and environ- 
ment which are typical of sewage 
treatment practice or of receiving wa- 
ters is essential. This would require, 
among other things, that the basic 
biological substrate should be a do- 
mestic sewage and that a significant 
acclimated population is one which 
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includes the effect of daily reseeding 
with sewage organisms, Consideration 
also should be given to a schedule of 
gradual rather than abrupt adjust- 
ment to the syndet concentrations im- 
posed by analytical and experimental 
requirements. 

The biochemical oxidation of many 
organic substances can be influenced 
somewhat by the presence of other 
metabolites such as might be found in 
sewage (9). In addition, it is not 
unreasonable to expect that certain 
significant organisms may be relatively 
slow growers and that their develop- 
ment may be seriously limited through 
dilution by growth of other organisms 
and wasting of sludge. A situation 
such as this would appear to impose 
undesirable restrictions upon the bio- 
chemical oxidation of certain relatively 
resistant substances, 


Summary and Conclusions 
An investigation has been made of 
the relationship existing between 
chemical structure and the biochemi- 
cal oxidation of the major commercial 
detergent types. Data were obtained 
for a selected group of molecular types 
which at the time represented the 
principal syndets of commerce. In 
addition, a number of pure organic 
compounds representing certain com- 
mon components of detergent molecules 
were also investigated. The biochemi- 
cal behavior of these substances was 
studied under conditions which repre- 
sented biological sewage treatment and 
simulated the biological processes of 
receiving waters. The results of this 

investigation show the following: 


1. The susceptibility of a synthetic 


detergent to biochemical oxidation, 
other things being equal, was found 
to be primarily a function of the na- 
ture of two molecular components; 
namely, the hydrophobic alkyl group 
and the nonionic hydrophilie poly- 
ethylene glycol group. 

2. The alkyl benzene sulfonate type 
of molecule is not inherently resistant 
to biochemical oxidation. On the con- 
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trary, behavior of the pure chemical 
identity n-dodecylbenzene sodium sul- 
fonate indicates that such a substance 
can be readily available 
food. 

4. Branching of the alkyl group 
markedly reduces the susceptibility of 
a synthetic detergent to aerobic as- 
similation. In fact, the relative bio- 
chemical inertness generally associated 
with the alkyl benzene sulfonates of 


as bacterial 


commerce appears to be due primarily 
to branching in the alkyl group. 

4. The low molecular weight poly- 
ethylene glycols were found to be read- 
ily susceptible to biological degrada- 
tion This is especially interesting 
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because it shows that the ethoxyether 
linkage does not of itself block bio- 
chemical oxidation, as hitherto ex- 
pected. 

5. The biochemical inertness of the 
high molecular weight polyethylene 
glycols appears to be related to their 
physical characteristics. Apparently, 
only the smaller ether molecules can 
reach the necessary enzyme centers in 
the cell. 


Acknowledgments 


The research described herein was 
made possible by a grant from the 
National Institutes of Health, United 
States Public Health Service. 


References 


. Bogan, R. H., and Sawyer, C. N., ‘*The 
Biochemical Degradation of Synthetic 
Detergents. 1. Preliminary Studies.’’ 
THIs JOURNAL, 26, 9, 1069 (Sept., 
1954). 

United States Tariff Commission Reports, 
** 8ynthetic Chemical—U, 8. 
Production and Bales.’’ No. 190, Gov. 
Printing Office, Washington, D. C. 

‘*Standard Methods for the Examination 
of Water and Sewage.’’ 9th Edition. 
Amer. Pub. Health Assn., New York, 
N. (1946). 

Plaecak, O. R., and Ruchhoft, C., ‘‘ Stud- 
XVII. The 
Utilization of Organic Substrates by 
Activated Sludge.’’ Sewage Works 
Jour., 19, 423 (1947). 


Organic 


ies of Sewage Purification 


5. Schwartz, A. N., and Perry, J. W., ‘‘Sur- 
face Active Agents Their Chemistry 
and Technology.’’ Interscience Pub- 
lishers, Inc., New York, N. Y. (1950). 

. Gortner, R. A., Gortner, R. A., Jr., and 
Gortner, W. A., ‘‘Outlines of Biochem 
istry.’’ 3rd Edition. John Wiley & 
Sons, Inc., New York, N. Y. (1950). 

. Baldwin, E., ‘‘Dynamie Aspects of Bio- 
chemistry.’’ 2nd Edition. Cambridge 
University Press (1952). 

. Sexton, W. A., ‘‘Chemical Constitution and 
Biological Activity.’’ E. and F. N. 
Spon. Ltd., London (1953). 

. Zobell, C. E., ‘‘ Action of “Microorganisms 
on Hydrocarbons.’’ Bact. Reviews, 10, 
1 (1940). 


Non-Member Meeting of Interest 


Division of Water, Sewage and Sanitation Chemistry (Ameri- 
can Chemical Society Annual Meeting) University of Minnesota, 
Minneapolis, Minnesota, September 12-14, 1955. 


> 

: 

: 
“ 

: 

‘ 
: 
A 


Industrial Wastes 


REVISED CONCEPTS ON BIOLOGICAL TREATMENT * 


By N. Sawyer, D. Frame, anp Jonun P. Worn 


Respectively, Professor of Sanitary Chemistry, Massachusetts Institute of Technology; 
Research Engineer, Metcalf and Eddy, Boston, Mass.; and Sanitary Engineer, 
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Biological methods of waste treat- 
ment have had a rather long history. 
Trickling filters have been used for 
over one-half of a century and the 
activated sludge process was developed 
about 40 years ago. During the inter- 
vening years there has been opportun- 
ity for fixation of ideas concerning the 
requirements and limitations of each 
of these, some justified and some un- 
justified. 

During the past decade or two, our 
concepts have been altered radically 
concerning permissible loadings of 
B.O.D. on both trickling filters and 
activated sludge. Furthermore, it has 
been learned that so-called toxic ma- 
terials such as phenols and formalde- 
hyde can be adequately treated pro- 
vided consideration is given to con- 
centration and nutrition. These ex- 
periences illustrate the importance 
of questioning what may be considered 
fixed concepts from time to time to 
determine their validity in light of 
new knowledge and requirements. 
Certainly, the high rate trickling filter 
and high rate activated sludge process 
would never have found favor if nitri- 
fied effluents were a modern day re- 
quirement. Development of the B.O.D. 
test and an appreciation of its sig- 
nificance in relation to stream pollu- 
tion control served as a basis for the 
acceptance of both these accelerated 
processes. 
 * Presented at 26th Annual Meeting, New 


England Sewage and Industrial Wastes 
Assn.; Bridgeport, Conn.; Oct. 28, 1954. 


Specific Problems Related to 
Industrial Wastes 


There is widespread belief that bio- 
logical methods of waste treatment, 
particularly the activated sludge proe- 
ess, must be conducted under very 
closely controlled and well defined con- 
ditions to produce satisfactory results. 
For example, it is often inferred that 
the pH must be controlled within the 
range of 7 to 8, that radical variations 
in temperature are highly detrimental, 
and that the sludges must be fed 
daily to prevent self-destruction. 

A great many industries produce 
wastes that do not fall into the so- 
ealled optimum pH range of 7 to 8. 
Nearly all operate on an intermittent 
basis which often allows wide fluctua- 
tions in temperature and prolonged pe- 
riods of starvation to oceur. The prob- 
lem of starvation periods could be of 
considerable importance in industries 
that close down for 2- or 3-week vaca- 
tion periods, or are confronted with 
shut-downs due to labor troubles. Not 
many industries are fortunate enough 
to have acid and alkaline wastes pro- 
duced in sufficient quantities to yield 
a composite waste in the pH range of 
7 to 8. Since purchase of acid or 
alkali for neutralization may be neces- 
sary, it becomes important to deter- 
mine the extent of pH adjustment 
that is required. From an engineer- 
ing viewpoint, it might be more eco- 
nomical to build a larger treatment 
plant and operate at a less favorable 
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pHi level to avoid excessive neutraliza- 
tion costs. 

It has been reported that supple 
mentary feeding of carbohydrate mat- 
ter such as glucose has been resorted 
to in order to maintain the activity of 
biological processes over weekend shut- 
down periods. Such a practice could 
be extremely expensive and because it 
resource, would 
certainly have to be shown that it was 


necessary 


consumes a natural 


In view of the foregoing, it was 
deemed desirable to obtain information 
relating to biological treatment of 


wastes along the following lines: 


1. The influence of radical tempera- 
ture fluctuations such as might occur 
under winter conditions. 

2. The influence of pH 

a) at uniform levels 

b) at fluctuating levels 
3. The significance of starvation pe 
riods. 


Method of Study 


The conventional activated sludge 


process using 1,500 p.p.m. of aeration 
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solids was chosen for these investiga- 
tions because it has been claimed by 
many to be less rugged than trickling 
filters In addition, it lends itself 
more readily to small-scale laboratory 
studies, particularly where tempera- 
ture control consideration. 
Figure 1 presents a view of 
equipment used in the studies. 
constant temperature baths, each 
equipped with four 2.5-l. capacity 
aeration tubes, allowed study of a wide 
range of variables simultaneously. 
Cotton kiering liquor having a pH 
of about 12 chosen to represent 
alkaline wastes and sulfite waste liquor 


is a 
the 


Five 


was 


with a pH of 1.2 was chosen to repre- 
sent Each was 
diluted with tap water containing 2.5 


acidic wastes, waste 
per cent of domestic sewage to yield a 
mixture with a 5-day B.O.D. of 565 
or 800 p.p.m. and then neutralized to 
desired pH levels with sulfuric acid or 
lime. Sufficient amounts of the diluted 
wastes were fed at 12-hr. intervals to 
give B.O.D. loadings ranging from 47.2 
to 93.6 lb. per 1,000 cu. ft. of aeration 


capacity. Nutritional requirements 


FIGURE 1.—Aeration units used in a study of variables affecting the activated 
sludge process. 
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were met by adding ammonium hy- 
droxide, in the case of the acid waste, 
and ammonium sulfate, in the case of 
the alkaline waste, to yield a B.O.D. 
to N ratio of 20 to 1. Standard phos- 
phate solution (KH,PO,) was added 
to yield a B.O.D. to P ratio of 150 to 
1 when needed. The tap water con- 
taining 2.5 per cent of domestic sew- 
age was relied upon to supply any 
trace element requirements. 

All sludges used were developed 
from the industrial waste mixtures 
using an initial seeding of sewage 
organisms. When the sludges had 
grown to yield 1,500 p.p.m. of aera- 
tion solids, they were considered to be 
stabilized to their particular environ- 
ment and intensive study of their be- 
havior was begun. 


Experimental Results 
Temperature Fluctuations 


Cotton kiering liquor adjusted to a 
pH between 7 and 8 was used in these 
studies. The influent B.O.D. was 800 
p.p.m. and the B.O.D. loading was 
held at 66.7 lb. per 1,000 cu. ft. per 
day. The effect of twice daily tem- 
perature fluctuations between 10° and 
20°C., 20° and 30°., and 10° to 30° C. 
was studied over a period of 23 days. 
The results of the studies are given 
in Figure 2 and show that the re- 
sponse to temperature change was im- 
mediate, regardless of whether the 
temperature increased or decreased. 
In most instances, the quality of the 
effluent was somewhat superior to that 
of the controls at the lower tempera- 
ture and somewhat inferior to the 
effluent of the controls at the higher 
temperature. This is believed due to 
carry-over effects related to residual 
B.O.D. in the return sludge which was 
a result of the temperature main- 
tained during the previous 12 hr. 
aeration period. 

Following 23 days of comparing 
B.O.D. removals due to fluctuating 
temperatures, a study was made to 
determine the effect of a 20° C. tem- 
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perature change on the rate of B.O.D. 
stabilization. The results of this study 
are shown in Figure 3 from which 
it may be seen that the rate of re- 
moval for a 10° C. sludge aerated at 
30° C. approximated the rate of re- 
moval for a 30° C, sludge and the rate 
of removal for a 30° C. sludge aerated 
at 10° (©. was similar to the rate for 
the 10° ©. sludge. These data show 
that the temperature 
change is immediate. 


response to 


Variations 


Because of the great difference that 
temperature plays in governing rates 
of biochemical reactions, it was deemed 
advisable to make simultaneous stud- 
ies on the effect of pH at 10°, 20° and 
30° C, 

The studies at pH levels above 8 
were conducted using cotton kiering 
waste. Mixtures were made with tap 
water containing 2.5 per cent of do- 
mestic sewage to yield a diluted waste 
with a 5-day B.O.D. of 800 p.p.m. 
Portions of the feed mixture were 
then adjusted to pH levels of 10.5, 10, 
9 and 7.5 and fed to the activated 
sludges to give B.O.D. loadings of 
66.7 lb. per 1,000 cu. ft. of aeration 
capacity per day. In this series (Fig- 
ure 4) pH levels of 10.5 and 10 were 
quite inhibitory at 10° C, while a pH 
level of 9 was only slightly inhibitory. 
At 20° C. a pH level of 10.5 was still 
quite inhibitory while at pH levels of 
10 and 9 it was much less, At 30° C, 
there was little difference in the rate 
of removal, regardless of the starting 
pH 

The initial pH studies in the acid 
range were conducted with sulfite 
waste liquor. Mixtures were prepared 


with tap water containing 2.5 per cent 
sewage and the product had a 5-day 


B.O.D. of 565 p.p.m. Portions of the 
diluted waste were adjusted to pH 
levels of 5, 6, 7 and 8& and fed in 
quantities to give B.O.D. loadings of 
47.2 lb. per 1,000 en. ft. per day. 
In this series (Figure 4) pH levels 
of 5 and even 6 were very inhibitory to 


3 
by 
| Es 
| 
| 
| 
| 
| 
| | 
| 
j 
* 


SEWAGE AND INDUSTRIAL WASTES 


August, 1955 


Controls 


Substrate - Cotton Kiering Waste 


g 


BOD of Effluent in pam. 


30°C. Controls 


Controls 


Substrate - Cotton Kiering Woste 
= 800 ppm 


8 


\ 
| 
\ 
| 


8.0.0. of Effluent 


30°C. Controls 


L 1 i L 


1 


10 
Time 


6 8 


in Days 


FIGURE 2.—Effect of temperature variation on B.O.D. of effluents. 


rapid B.O.D. removal at 10° C, and 
showed considerable inhibition at 20° 
©. At 30°C., however, inhibiting ef- 
fects were of little consequence. 
Because the extreme inhibitory ac- 
tion of portions of the sulfite waste 


adjusted to pH levels of 5 and 6 did 
not seem logical, a study of pH varia- 
tions during the course of a similar 
run were made. The results of this 
study (Table I) demonstrated that 
the falling pH levels were, undoubt- 
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TABLE I.—Change in pH of Sulfite Waste 
Liquor Aeration Mixtures with Time 


Aeration Time—Hours 


0 | 1 
8.0 | 6.4 
7.0 | 59 
6.0 | 5.4 
5.0 | 5.0 


8.0 6.5 
7.0 | 6.2 
6.0 | 56 
5.0 | 4.8 


8.0 | 6.7 | 6 
7.0 | 6.4 
6.0 | 5.9 
5.0 5.5 


edly, related to the unexpected be- 
havior. The low buffering capacity 
of the waste was, apparently, unable 
to neutralize the stronger acid formed 
when the acid sulfites were converted 
to acid sulfates. 
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To demonstrate the behavior of a 
material having no sulfites or little 
strong acid forming substances when 
subjected to biological treatment un- 
der low pH conditions, cotton kiering 
waste was pretreated with sulfuric 
acid to destroy all the alkalinity. The 
waste was then mixed to produce a 5- 
day B.O.D. of 845 p.p.m. Portions 
were adjusted to pH levels of 4.5, 5, 
6 and 7 and fed to the activated 
sludge to give B.O.D. loadings of 70.2 
Ib. per 1,000 cu. ft. per day. Studies 
of the rate of B.O.D. removal (Figure 
5) showed only slight inhibition at 
pH levels of 4.5 and 5. Studies of pH 
changes showed ascending pH levels 
(Table IT) in all cases as purification 
progressed. Thus, it may be concluded 
that the character of the waste under 
treatment will determine to a great 
degree the optimum pH to which a 
given waste should be adjusted for 
biological treatment. 

In view of the findings obtained with 
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FIGURE 3.—Effect of temperature fluctuations on rate of B.O.D. removal. 
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FIGURE 4.—Effect of pH fluctuations on rate of B.O.D. removal. 


TABLE II.—Change in pH of Cotton Kiering 
Waste Aeration Mixtures with Time 


Time 


0 


Aeration | 


x 
zx 


the wastes adjusted to low pH levels, 
it seemed pertinent to explore the be- 
havior of alkaline wastes with con- 
siderable amounts of alkalinity which 
might buffer them at definite pH levels 
throughout the period of treatment. 
This is quite important because car- 
bon dioxide released by the biological 
forms combines with the hydroxyl ion 
to form the carbonate ion and then to 
produce the bicarbonate radical 
(HCO-,), constantly reducing the pH 
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TABLE IlIl.—Effect of Alkalinity on Kier 
Liquor Effluent B.O.D. at pH 10.5 


Akalinity 


p.p.m 


1650 2090 


52 54 
101 80 47 
97 95 76 
135 98 47 
76 65 59 
62 50 65 
46 39 44 
57 49 52 


level. In the studies conducted the 
alkalinity was increased to levels as 
high as 3,000 p.p.m. to buffer the pH 
at desired levels for periods far longer 
than would be expected in practice. 
The results of studies conducted 
with various alkalinities at pH 10.5 
are shown in Table III. It will be 
noted that about 5 days were re- 
quired to acclimatize the sludge to the 
higher pH environment, particularly 
at the lower alkalinity levels. After 
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operating under these conditions for 
11 days, the pH of the waste was 
increased to 11 and the alkalinity 
adjusted to a maximum of 3,100 p.p.m. 
Effluent B.O.D. values during a 5-day 
run (Table [V) indicated that a high 
degree of B.O.D. removal can be ob- 
tained from wastes with initial pH 
values as high as 11. 


Effect of Starvation 


Starvation periods of two days, cor- 
responding to weekend shut-down pe- 


TABLE IV.—-Effect of Alkalinity on Kier 
Liquor Effiuent B.O.D. at pH 11 


Alkalinity —p.p.m 


B.0.0. OF EFFLUENT 


TEMPERATURE 20C 
COTTON KIER LIQUOR 


AERATION TIME — HOURS 
FIGURE 5.—Effect of pH on rate of B.O.D. removal. 
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riods, were found to have practically 
no effect on the purifying capacity of 
the sludges when the usual loads were 
resumed For this reason attention 
was turned to longer periods of starva- 
tion such as might be caused by vaca- 
tion or strike induced shut-downs. All 
sludges were kept under continuous 
aeration during the starvation period. 
Two prolonged were con- 
ducted: the one with cotton kiering 
waste lasted for 22 days and the other 
with sulfite waste liquor lasted for 2 
days. On resuming feeding, the waste 
was fed in the usual strength and the 
time required to produce effluents 
equivalent to those before starvation 
started was noted. Only 48 hr. were 
needed (Figure 6) for the sludges fed 
cotton kiering liquor to accomplish 
complete recovery of their original 
purification capacity and that the rate 
of recovering was independent of the 
B.O.D. loading. In the case of the 
sludges fed sulfite waste liquor (Fig- 
ure 7), the sludges lost little of their 
original purifying power but recovered 
their former condition somewhat more 
slowly, requiring about 5 days. 


studies 


Discussion 


The temperature studies reported 
have substantiated much that was al- 
ready known. In addition, they have 
shown that adaption to temperature 
is immediate and that rapid fluctua- 
tions do not cause a deterioration of 
activated with respect to its 
physical characteristics. 

The pH studies have demonstrated 
biological treatment to be applicable 
over a wide pH range, from about 5 
to 11, provided reactions do not oe- 
cur that produce acids capable of 
reducing the pH to levels under 5. 
The normal course of pH changes 
during biological treatment is to yield 
a final pH of about 8. In alkaline 
wastes this is brought about by the 
union of carbon dioxide released by 
biological action with the hydroxyl 
and carbonate ions to form the bi- 
carbonate radical, In wastes with pH 


sludge 
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levels of 5 or 6, free mineral acids are 
absent and the low pH is a result of 
weak organic acids or mixtures of such 
acids and their salts. Oxidation of the 
free acids produces carbon dioxide 
which is constantly removed by the 
aeration process and the pH rises as 
the concentration of free acids de- 
creases. Oxidation of salts of organic 
acids, such as sodium acetate, results 
in the release of a basic anhydride 
(Na,O) that combines with carbon 
dioxide to form sodium bicarbonate 
and buffer the mixture at a pH of 
approximately 8. The importance of 
these materials in recirculated effluents 
and return sludge should not be over- 
looked. 

From the pH viewpoint, there would 
appear to be two possible types of 
organic wastes that are not amendable 
to biological treatment unless special 
precautions are taken to prevent a 
decreasing pH level. These are: 


1. Wastes containing a weakly ion- 
ized acid which upon biological oxida- 
tion is converted to a highly ionized 
acid. The acid sulfites in sulfite waste 
liquor are an example. 

2. Wastes containing neutral bodies 
which upon oxidation form relatively 
strong acids that are dependent upon 
a second group of organisms for their 
oxidation to carbon dioxide. Formal- 
dehyde is an example. 


The solution to the problem in either 
of these cases is continuous control of 
pH by automatic lime feeding devices 
or addition of sufficient buffer, such 
as sodium bicarbonate, to neutralize 
the acids as fast as they are formed. 
This may require considerable 
amounts of lime or buffer. If the 
difficulty is due to oxidation of neutral 
bodies to acids, the lime or buffer re- 
quirements will become negligible as 
soon as the acid oxidizing organisms 
become well established. Whenever 
the degradation of neutral bodies pro- 
ceeds stepwise through the agency of 
two or more groups of organisms, it 
becomes extremely important to keep 
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DAYS FOLLOWING RESUMPTION OF FEEDING SCHEDULE 
FIGURES 6 AND 7.—Purifying ability of activated sludge following a starvation period. 


the second group in a healthy condi- 
tion. If they fail to keep pace with 
the acid formers, falling pH levels 
must be prevented by the addition of 
lirne or buffer immediately ; therefore, 


automatic control of pH at all times is 
imperative. 

So much has been written about 
over-aeration of activated sludge and 
supposed deleterious effects on the 
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quality of the effluent produced that 
the impression has been created that 
activated sludge must be ‘‘spoon-fed’’ 
on the hour to keep it in a highly 
purifying state. Actually, under 
starvation conditions, a tremendous 
competition for food exists and a cer- 
tain amount of cannibalism oceurs re- 
sulting in a survival of the fittest. 
During the 21 and 22 day starvation 
periods discussed the aeration solids 
decreased from 1,800 p.p.m. to about 
1,200 p.p.m., indicating a loss in popu 
lation of only 33 per cent. The rapid 
recovery of the survivors is, of course, 
of greatest importance. 


Conclusions 


1, Adaptation of activated sludge to 
temperature change is immediate. 

2. Temperature fluctuations at 12 
hr. intervals between 10° and 30° C. 
(50°-86°F.) is not detrimental to 
sludge quality 

4. Biological purification of wastes 
with pH ranging from 5 to 11 ean 
be accomplished by activated sludge, 
provided acids are not formed to de- 
press the pH below 5. 

4. The pH effects are a function of 


SEWAGE AND INDUSTRIAL WASTES 


August, 1955 


temperature. At low temperatures the 
effects are magnified. Thus, closer 
attention should be paid to pH con- 
trol during the winter than the sum- 
mer. 

5. Levels of pH above 9 are defi- 
nitely inhibitory at 10° C. and levels 
above 10 are definitely inhibitory at 
20° C. 

6. The decision concerning the de- 
gree of neutralization prior to treat- 
ment should be based on an engineer- 
ing cost study comparing the cost of 
chemicals with larger plant facilities. 

7. Automatic pH control is_ re- 
quired when treating wastes that offer 
the threat of decreasing the pH below 
5 due to acid formation. 

8. Activated sludges may be starved 
for periods of at least 3 weeks without 
seriously impairing their purification 
capacity. Full purification capacity 
will be restored in 2 to 5 days after 
resumption of feeding at full load. 
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CORRECTION 


In the 1954 Literature Review II (Tais Journan, 27, 6; June, 
1955) under the subject of Petroleum Processing, page 644, the 
reference to Mau (132) reads ‘‘Phenol removal ranged from 99.6 


to 93.3 per cent for loadings of 


25 to 300 p.p.m., respectively. 


” 


It should read ‘‘ Phenol removal ranged from 93.3 to 99.6 per cent 
for loadings of 25 to 300 p.p.b., respectively.’’ 
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METHOD FOR DETERMINATION OF FREE 
FORMALDEHYDE 


By Dantet K. Owens 
North Carolina State Laboratory of Hygiene, Raleigh, N. C.* 


A method of determining free 
formaldehyde in waters which were tur- 
bid and highly colored was needed in 
connection with studies on stream pol- 
lution. The following modification of 
an old procedure was developed to 
meet this need. The method is rapid 
and sensitive and is not affected by 
turbidity, iron, organic matter, and 
color. It is easily adaptable for use 
in sewage work. 

Samples of the Cape Fear river 
were found to be polluted with in- 
dustrial wastes, dyes, organic matter, 
and colloidal clay. The method of 
Denigés (1) using Schiff’s fuchsin bi- 
sulfite reagent was rejected because of 
its poor sensitivity and the necessity 
for preparing fresh standards daily. 
Since the quantity of formaldehyde 
present was on the order of 0.5 p.p.m., 
iodometrie methods were unsatisfac- 
tory. The method suggested by Schry- 
ver (2) and later modified by Kersey, 
Maddocks, and Johnson (3) was found 
to possess the required sensitivity. 

This method involves the formation 
of the phenylhydrazone of formalde- 
hyde, the oxidation of this with po- 
tassium ferricyanide, and the develop- 
ment of an orange color by the addi- 
tion of either sodium hydroxide or 
hydrochloric acid. Tannenbaum and 
Bricker (4) have shown that this re- 
action is time-sensitive, so that the 
time elapsing between the addition of 
the various reagents must be carefully 
controlled. 

When this reaction was applied to 
the stream samples, it was found that 
iron in the water formed Prussian 


* Present address; Department of Chem- 
istry, North Carolina State College, Raleigh, 
N. C. 


blue with acid development and ferric 
hydroxide with basic development, 
both of which interfered with the esti- 
mation of the color. The turbidity 
was removed with alumina cream, 
but it was found that this treatment 
also removed the greater part of the 
formaldehyde, perhaps by adsorption 
onto the surface of the alumina par- 
ticles. Distillation was laborious and 
losses were experienced. These might 
be due to oxidation of the formalde- 
hyde by substances present in the wa- 
ter. 


Extraction of the color was at- 


tempted and it was found that the color 


was quantitatively removed by a single 
extraction with n-butanol. Turbidity, 
Prussian blue, and the dyes encoun- 
tered in these samples were not ex- 
tracted. The extracts possessed a slight 
turbidity because of suspended water 
droplets, but this was easily removed 
by centrifuging briefly. 

Tannenbaum and Bricker (4) dem- 
onstrated that the base-developed color 
is more stable and more intense than 
the acid-developed color. The basic 
solution could not be extracted because 
an unbreakable emulsion was formed 
between the n-butanol and the aqueous 


solution. This does not occur in acid 
eo}, 
4 
MILLI MICRONS 
FIGURE 1.—Absorption spectrum of color 
in n-butanol. 
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FIGURE 2.—Formaldehyde standard 
absorption curve. 


solution; therefore, despite its in- 
feriority, the acid method was em- 
ployed. 

The color in n-butanol was examined 
in a spectrophotometer using 1-cm. 
sample cells. The alcoholic color was 
shown to be identical with the aqueous 
color of Tannenbaum and Bricker, 
both having a well-defined absorption 
maximum at 520 mp. The absorption 
spectrum of the color is shown in Fig- 
ure 

The color follows Beer’s Law up to a 
concentration of 0.7 p.p.m., as shown 
in Figure 2. 


Reagents 


1. Phenylhydrazine hydrochloride, 1 


per cent aqueous solution. Dissolve 
25 g. of reagent grade solid in warm 
water, make up to 500 ml., and filter. 

2. Potassium ferricyanide, 5 per 
cent aqueous solution. This should be 
made fresh daily. 

3. Hydrochlorie acid, concentrated, 
reagent grade. 
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4. n-Butanol, reagent grade, alde- 
hyde-free. 


Procedure 


To 2 ml. of phenylhydrazine hydro- 
chloride solution in a separatory fun- 
nel are added 8 mi. of sample con- 
taining not more than 0.7 p.p.m. of 
formaldehyde, and the solution is al- 
lowed to stand for exactly 10 min. 
At the end of this time, 1 ml. of po- 
tassium ferricyanide solution is added 
and the solution is allowed to stand 
for exactly 5 min. At the end of this 
time, 4 ml. of concentrated hydro- 
chloriec acid are added, followed by 
15 ml. of n-butanol. The funnel is 
shaken vigorously, the alcohol layer 
separated and centrifuged briefly to 
clarify it if necessary. The color is 
read at 520 mp. against a reagent 
blank treated in the same manner as 
the samples 20 min. after the addition 
of the alcohol. The concentration of 
formaldehyde is determined by com- 
parison with a suitable standard 
eurve. 


Interfering Substances 


The only substance which could in- 
terfere with the determination is an- 
other aldehyde or combination of alde- 
hydes. This poses no problem in wa- 
ter analysis because all results are 
reported in terms of formaldehyde 
(5). 
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CONCENTRATION OF RADIOACTIVITY IN 
OXIDATION PONDS 


By E. W. Sreet anp Earnest Gioyna 


Respectively, Professor," and Associate Professor of Sanitary Engineering, 
The University of Texas, Austin, Tex. 


In the Southwest the use of oxida- 
tion ponds has become recognized as 
a useful means of secondary treatment 
of waste water. Local conditions, 
such as low rainfall and availability 
of land at relatively low cost, favor 
the use of this method. Equally im- 
portant is the combination of high 
temperatures and much sunlight, and 
the resulting heavy algae growths 
which release oxygen in such amounts 
as to supplement greatly that which 
is dissolved from the atmosphere at the 
water surface. 

The basic action of oxidation ponds 
involves the conversion of relatively 
complex organic compounds by aerobic 
bacteria to carbon dioxide; and this, 
in turn, is used by the algae. The net 
result is the conversion of organic 
matter to algal-cell substance accom- 
panied by an accumulation of specific 
inorganic substances. This accumula- 
tion of specific inorganic materials 
and the fact that radioactive materials 
might be so concentrated, led to in- 
creased interest and research in oxi- 
dation ponds. 

The oxidation pond investigations 
conducted at The University of Texas 
may be listed under four headings, as 
follows: 


1. Classification of algae associated 
with oxidation ponds located in the 
Southwest. 

2. Removal of radioactive isotopes 
through the action of algae and bac- 
teria. 

* Currently on leave to Chulalongkorn Uni- 
versity, Bangkok, Thailand. 


941 


3. Survey of oxidation pond 
capabilities, including performance 
with domestic sewage and other liquid 
wastes, and use of non-conventional 
operating techniques. 

4. Removal and concentration of 
algae and other particulate matter. 


Investigational data are presented 
herewith of the removal of radioactive 
isotopes from a liquid waste when 
treated in an oxidation pond. Evi- 
dence based on laboratory studies in- 
dicates that significant amounts of 
radioactive isotopes may be tempo- 
rarily transferred from the waste so- 
lution to the organisms by the com- 
plex mechanisms operative in oxidation 
ponds. The effects of biochemical 
processes, chemical precipitation, and 
ion exchange, in combination with the 
relatively long detention period, estab- 
lish the value of oxidation ponds. The 
term ‘‘relatively long period’’ is used 
to distinguish between the mean de- 
tention time of a few days commonly 
used in oxidation ponds from that of 
a few hours normally required for the 
sedimentation of chemically produced 
flocculant matter. Oxidation ponds 
are also especially suited to receive 
variable concentrations of radioactiv- 
ity without reducing the degree of re- 
moval. 


Types of Algae 


In oxidation ponds, the predominant 
organisms are the algae, which to- 
gether with the bacteria and actino- 
mycetes are known as ‘‘ phytoplank 
ton’’ if they are motile or freeswim. 
ming, and ‘‘phytobenthon’’ if sessile. 


i 
3 


SEWAGE AND INDUSTRIAL WASTES 


August, 1955 


TABLE I1.—Algae of the Austin Region 


‘haetophora incrassata 
‘oelospherium keutz 
onferva bombycina tribonema 
‘osmartum cyclicum articum 
‘oamarium meneghinit 
‘osmarium turpini 
‘oamartum undulatum 
crenulatum 
Coamarium undulatum 
minutum 
Cloaterium lanceolatum 
Cloaterium monoliferum 
Gonium pector ale 
Her poslieron ¢ onfervicola 
H yaletheca dissiliens minor 
Hyaletheca dissiliens 
Microspora stagnarum 
Microsthamnion keutz 
Mougeotia parvula 
M ougeolia sphaerocar pa 


Among the major groups of algae are 
the diatoms, desmids, blue-greens, sed- 
entary greens, and pigmented flagel- 
lates. The genera and species of each 
may number in the thousands. Their 
growth is regulated by many chemical 
and physical factors associated with 
the water, such as pH, silica content, 
nitrates, carbonates, oxygen, phos- 
temperature, turbidity, and 
water currents. These factors, as well 


phates, 


as the heterogeneity of the algal popu- 
lations found in oxidation ponds, all 
have a bearing on the removal of radio- 
active materials in these basins. 


Water samples containing algae 
were collected from creeks, pools and 
roadside ponds to determine the gen- 
eral and predominating types living 
under varying external environments. 
Identification of these organisms was 
greatly aided by a previous investiga- 
tion (1). The wide variety of fila- 
mentous and non-filamentous algal 
forms which were identified in 1926 
and 1953 are listed in Table I. 
Another source of abundant algal 
growths adjacent to Austin was Mitch- 
ell Lake, Located near San Antonio, 
Tex., this lake was originally built to 
provide detention of the sewage of 
that city. In the past the lake has 
received varying amounts of settled 
sewage, digester overflow, and some 


Ocedogonium macrandium 
Ocedogonium obsoletum 
Ocedogonium parisianum 
Ocedogonium pithopharae 
Ocedogonium varians 
Oscilatoria formosa 
Oscillatoria limosa 
Palmodactylon varium 
Pandorina morum 
Pediastrum caudatus 
Pediastrum tetra 
Rhizorclonium hieroglyphicum 
Scenedesmus abundans 
Scenedesmus armatus 
Scenedesmus biyuga 
Scenedesmus caudatus 
Scenedesmus obliquus 
Spirogyra gradiata 
Spirogyra grevillanea 


Spirogyra haseallit 
Spirogyra neglecta 
Spirogyra particularis 
Spirogyra punctata 
Spirogyra setiformis 
Spirogyra speeriana 
Spirogyra stictica 
Spirogyra ternata 
Spirogyra varians 
Stigeoclonium glomerata 
Tetraspora gelatinosa 
Tetraspora lubrica 
Ulotriz oscillarina 
Ulotriz zonata 
Vaucheria terrestria 
Zygnema cruciatum 
Zygnema pectinatum 
Zygnema pectinatum anomalum 
Zygnema terrestre 


Spirogyra groenlandia 


storm drainage. Heavy fertilization 
has encouraged dense algal blooms to 
remain throughout the year. The 
algae most commonly found were 
Oscillatoria, but a more complete list- 
ing is given in Table II. 

The different types of algae found 
to exist in oxidation ponds in Texas 
has been reported by Myers (2), and 
a sumriary of algae found in the sew- 


TABLE II.—-Mitchell Lake Algae 


Date Algae in Order of Predominance 


1-11-53  Oscillatoria formosa, O 
Scenedesmus caudatus, 8S. 
Anabaena oscilarioidis ; 
lanceolatum, C. monoli- 
ferum; Meriscopedia glauca; Golen- 
kinia radiata; Cyclotella aperculata; 
and Cosmarium raegeliana. 

The same types as on 1-11-53, with a 
few colonies of Chrysophaerellae 
longispina 

The same types as before, plus a few 
Nietzschiella. 

The same types as before, except a 
larger proportionate number of 
Scenedesmus. 

Mainly Oscillatoria; a greater num- 
ber and variety of Scenedesmus ; more 
colonies of glauca, 
Actinastrum gracillium, and a few 
Beggiatoa alba were present. 

Mainly Oscillatoria; a greater num- 
ber and variety of Scenedesmus; 
more colonies of Meriscopedia glauca, 
some Actinastrum gracillium, a few 
Beggiatoa’ alba were present. 


splendida ; 
obliquus, 

S. bi yuga; 

Closterium 


1-24-53 


4-13-53 


Meriscopedia 
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age lagoons is given in Table III. The 
predominant algae at the time of the 
investigation were greens and blue- 
greens. 

The types of algae in pilot-plant 
oxidation ponds, culture pans, and 
aquaria have been routinely checked 
over a period of about three years. 
Few genera and species preferentially 
appeared to thrive in the experimental 
oxidation pond. When oxidation 
ponds were first placed in operation 
Euglena gracilis was by far the pre- 
dominant organism. After equilibrium 
was established the Euglena practi- 
cally disappeared and were replaced 
by Closterium, several species of 
Scenedesmus, Ankistrodesmus, Tetra- 
strum, and Tetraspora, and lesser 
numbers of others. The only variance 
noted in types of algae in the pools 
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occurred when heavy withdrawals re- 
quired by the vacuum filtration ex- 
periments resulted in increased addi- 
tions of waste water to the pools, 
which also decreased the detention pe- 
riod. This situation again encouraged 
the growth of Euglena and some fila- 
mentous types. In general, the pre- 
dominate organisms in the cooler 
months appeared to be Tetraspora, 
Oocystes and Scenedesmus, whereas in 
the warmer months they were Selena- 
strum and Scenedesmus; however, the 
difference may not be significant. 
There was no correlation between types 
and numbers of algae found in the 
oxidation ponds and those found in 
Mitchell Lake. Repeated attempts to 
grow Oscillatoria, as found in Mitchell 
Lake, in the oxidation ponds proved 
unsuccessful. 


Total 
Date | Av. Flow | No. of > . . 
City (1948)|  (g.p.d.) | Lagoons _. Pretreatment Disposal of Effluent 
Abilene 6/16 | 3,250,000 s 50 | None Irrigation 
Alamo 6/3 30,000 1 2 Imhoff, trickling | Irrigation, consid- 
filter able seepage and 
evaporation 
Boerne 6/15 — 3 1 Imhoff, trickling | Irrigation 
filter 
Coleman 6/16 2 qd Imhoff Irrigation 
Comanche 6/8 275,000 2 4 Septic tank Irrigation 
Decatur 6/10 100,000 3 3 capes, trickling | Stream 
ter 
Edinburg 6/3 800,000 1 26 Complete* Drainage diteh* 
illeen 6/11 750, 40 settling | Stream 
only 
Kingsville 6/5 _ 1 6 | None Stream 
Mathis 6/2 _ 1 4 | imhoff Stream, consider- 
able evaporation 
and seepage 
Premont 6/5 _— 1 2 | None Irrigation, consid- 
erable seepage and 
evaporation 
San Antonio | 6/15 | 45,000,000 1* 350 Portion treated Released to stream 
in activated during high stream 
sludge plant; flow. 
remainder un- 
treated 
Temple 6/11 2,000,000 1 12 Portion com- Stream 
pletely treated’, 
remainder, pri- 
mary settling 
only 
Mission® 6/3 Lagoon of 2 to 3 acres dosed intermittently with raw cannery waste 
Sherman‘ 6/10 | 13 lagoons in two series dosed continually with raw waste from shorten- 
ing plant; waste mostly saponified fatty acids with excess alkali 


! Designed for 2,500 population. 


? 1,500 sewered population. 
* Includes primary settling, trickling filter, and secondary settling 
* But only by seepage through levees. 
Lake Mitchell. 


* Industrial waste lagoons. 


Predominant Algae 


Unicellular and colo- 
nial greens 

Large spiral blue-green 
and colonial blue- 
greens 

Green-flagellates, uni- 
cellular and colonial 
blue-greens 

Unieellular and colo- 
nial greens 

Colonial greens 

Green flagellates, uni- 
cellular greens 

Large spiral blue-green 

Green Aageliates, colo- 
nial blue-greens 

Rod-shaped blue-green 

Colonial blue-greens 


Green flagellates 


Rod-shaped blue- 
greens 


Sinall unicellular 
greens as Scenedes 
mus 


Filamentous blue- 
green in shallow 
portion 
Unicellular greens in 
ter lagoons 


4 

: 
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TABLE IV. 


Conc 


MgSO,-7 H,O 
KNO, 
KH»PO, 


246.5 
101.1 
136.1 


Methods of Growing Algae 


Flasks, open pans, aquaria, and 
small oxidation ponds were used dur- 
ing the different phases of adaptation 
of locally grown cultures to various 
environmental conditions. 

Initially algae were grown in open 
3-gal. for the purpose of (a) 
observing the difference in the rates 
of propagation, and (b) obtaining 
algae for in laboratory experi- 
ments on the uptake of radioactive 
materials. Nutrients consisted of a 
modified Knops solution, urea, settled 
laboratory waste, 
sodium citrate, and sodium bicarbon- 
ate. The chemical components of the 
Knops solution are shown in Tables 
IV and V. This solution is the con- 
ventional medium for Chlorella, It is 
prepared by dissolving 0.50 g. of puri- 
fied Versene (ethylene diamine tetra 
acetic acid, EDTA) in 800 ml. of boil- 
ing water, cooling, adding stock solu- 
tions of the macroelements and 10 ml. 
each of microelements, adjusting the 
volume to 1,000 ml., and adjusting the 
pH by adding KOH as required. Tap 


pans 


use 


domestic sewage, 


TABLE V.—Microelements of Knops Solution 


Stock Solution 


Mol, Wt 


CaCly 

H,BO, 

FeBO,:7 H,O 
Zn80,:7 H,O 
MnC},-4 H,O 
MoO, 

CuS8O0,5 
Co(NO,).:6 H,O 


AND IN 


Btock Solution 
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Macroelements of Knops Solution 


Final Medium 


Use 


L) 


Cone 
(g./1.) 


2.50 | 
1.25 
1.25 | 


Molarity 


0.0103 
0.0124 
0.0092 


and distilled water were both used; the 
analysis of the tap water is given in 
Table VI. The type of nutrient, ex- 
cept when excessive amounts of EDTA 
were used, did not appear to be as 
critical a factor as pH, amount of 
organic load, and temperature. 
creased organic loads to an algae sus- 
pension brought about the most rapid 
change in the types of algae. 

A number of 12-gal. aquaria receiv- 
ing a synthetic substrate have also 
been used. A typical example is one 
in which three aquaria were connected 
in series and the liquid was transferred 
each day. B.O.D., as shown in Table 
VII, was reduced from 186 to 24 
p.p.m. and from 70 to 18 p.p.m. for a 
synthetic substrate and a laboratory 
waste, respectively. These earlier ex- 
periments demonstrated that deten- 
tion periods shorter than 20 days are 
possible. 

Four oxidation ponds, three of 1,200- 
gal. and one of 3,000-gal. capacity, 
were constructed where they could be 
conveniently dosed from the Imhoff 
tank serving the Balcones Research 


Final Medium 


Cone 
(g./l.) 


Molarity 


0.752 
1,847 
0.179 
0.306 
0.073 
0.049 
0.063 
0.017 


0.0835 
0.1142 
0.0498 
0.0882 
0.0144 
0.0071 
0.0157 
0.0049 


044 
| 
= 
50.0 
| : 
| 25.0 50.0 
2.0 | 6500 
te 
: 
61.8 11.42 
278 ae 10.0 
4.98 10.0 
8.82 10.0 
ae 198 1.44 10.0 
144 0.71 10.0 
250 
1.57 10.0 
2 0.49 10.0 
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TABLE VI.—Analysis of Tap Water 


Designation Magnitude 

pH 9.7 

Diss. solids 135 p.p.m. 
HCO, 21 
CO, p.p.m. 
SO, 21 p.p.m. 
Cl 
NO; 0.32 p.p.m. 
Fe, total 0.03 p.p.m. 
Si 6.4 p.p.m. 
Ca 10s p.p.m. 
Mg 9.7 p.p.m. 
Na 8.8 p.p.m. 
K 12.2 p.p.m. 
Total hardness, as CaCO; 65 p.p.m. 
Non-carb, as CaCO, 21 ~—sp.p.m. 


Center of the University of Texas at 
which the Sanitary Engineering Re- 
search Laboratories are located. The 
Imhoff tank serves a population of 
about 400; but the sewage also in- 
cludes wastes from chemical labora- 
tories, pilot plants, and a large-scale 
primate experimental project. The dis- 
charges from the operation of these 
laboratories resemble many Atomic En- 
ergy Commission Laboratory wastes. 
The ponds can be operated in series or 
in parallel and provide any detention 
period at the designed dosage. The 
results obtained during the operation 
of these ponds (Table VIII) show 
that the effluent characteristics com- 
pare favorably with analytical data re- 
ported for other ponds operating in 
Texas. 


Methods of Counting Algae 


Several procedures for estimating 
the number of algae in a liquid sus- 
pension—including optical density, 
‘‘packed’’ volume, and direct micro- 
scopic counting—were analyzed. The 
packed volume method is satisfactory 
when the types of algae and relative 
numbers remain the same. As com- 
pared with the direct microscopic 
count it is faster, but proved to be 
of little value in the oxidation pond 
experiments because the populations 
did not remain static. The packed 
volume is obviously a function of the 
shape and size of the cells. Conse- 


RADIOACTIVITY 


945 


quently, changes in the predominant 
species might cause considerable error 
in the analysis, since flat cells compact 
more readily than round cells. Packed 
volumes were obtained by centrifuging 
5-ml. Van Allen Thrombocytocrit cen- 
trifuge tubes for 20 min. at about 
2,500 @. 

Microscopic counting gave more 
satisfactory results and was used ex- 
elusively when counting mixed ecul- 
tures. If the anticipated count was 
more than 500,000 per milliliter, the 
liquid was placed directly in the count- 
ing chamber without prior centrifug- 
ing. Algae suspensions requiring con- 
centration were centrifuged in stand- 
ard 15-ml. tapered-bottom Pyrex 
centrifuge tubes, with speeds and times 
as given for the volumetric tests. Af- 
ter a sample was centrifuged, approxi- 
mately 13 ml. of supernatant was de- 
canted. The concentrated algae were 
resuspended by diluting and mixing 
them with 3 ml. of distilled water. A 
count was then made, using a Levy- 
Hauser hemacytometer counting cell 
having rulings 0.05 mm. apart. 


Radioactivity Uptake 


Radioisotope investigations involved 
fission products. These were chosen 
either because they are products of 
fission or are used extensively 
in either medicine or research. Par- 
ticular emphasis was placed on Sr** 
because it is a product of uranium fis- 
sion and is also an isotope which has 


TABLE VII.—-B.O.D. Reductions in Aquaria; 
20-Day Detention (Three Aquaria in 
Series) 


Average B.O.D.' (p.p.m.) 


Nutrient Effluent of Aquaria 


No. 2| No.3 


Synthetic substrate | 186 | 46 | 36 | 24 
Laboratory wastes 70 | ¢ 


Raw 


1 §-Day, 20°C. 


| 
é 
4 
— = : 
| 
- 
| No. 1 | a 
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TABLE VIII. 


Detention 


Sampling Point (days) 


Infl. from Imhoff tank 0 

Effluent from basin: 
No. 1 
No, 2 13 
No. 3 20 


10 
a very long biological half-life. The 
biological half-life values of the vari- 
ous radioisotopes used are: I***, 180 
days; P**, 1,200 days; Sr**, 3,900 to 
18,000 days; 17 days; and 
Ce, 500 days. All of the isotopes 
used were obtained from the Oak 
Ridge installation of the U.S. Atomic 
energy Commission. 


flasks 


Cs 


Erlenmeyer 
used to 
ments ; 


were generally 
initiate the isotope experi- 
and following these, 12-gal. 
aquaria were used, except in the case 
of the mixed-fission products, which 
were added directly to the oxidation 
ponds. 
Measurement of beta-radioactivity 
in samples was done with a Nuclear- 
Chicago 
with a 


Instrument sealer equipped 
thin-window Geiger-Mueller 
counting tube (3.1 mg. per sq. em.) ; 
vamma 


emissions were counted on a 


beta-gamima scintillation counter. Lig 
uid samples were prepared in dupli 
cate, dried, counted, and reported as 
counts per minute per milliliter. It is 
that a slight difference in 
counting could have resulted from ab- 
sorption of very low energy backscat- 
tered radiation in some of the heavier 
samples, but this was not significant 
there was adequate consist 
ency in all tests covering a wide range 
of sample weights. Radioactivity up 
take by algae and associated material 
was determined by counting the activ- 
ity in the algae suspension and by 
counting the radioactivity in the su 
pernatant liquid of centrifuged sam- 
otherwise noted, test 
samples contained about 2,000 counts 
per minute per milliliter of radioiso 
topes in the uncentrifuged material. 


possible 


because 


ples. Unless 
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B.O.D. 
Removal 
(%) 


B.O.D. 
(p.p-m.) 


Organic N 
(p.p.m.) 


106 20.2 
32 
27 
25 


Uptake 


Radioactive 
sion 


iodine (Isotopes Divi- 
Catalog No. 53-F), as used in 
these experiments, is shipped as the 
iodide in a basic sodium sulfite solu- 
tion. The maximum removal obtained 
in flask experiments was about 20 per 
cent, and the mean uptake over a 
period of two weeks was about 5 per 
cent. There was no difference in the 
amount of uptake between different 
algae concentrations. In the aquaria 
experiments, [’*' uptake by algae and 
the other microscopic forms or precipi- 
tates was also about 5 to 20 per cent. 
The aquaria in these experiments were, 
in effect, small satellites of the oxida- 
tion ponds. 


P® Uptake 


P® (Isotopes Division Catalog No. 
15A—P) contains about 0.025 mg. of 
stable phosphorus per millicurie. The 
uptake and release of P** by algae 
followed a pattern similar to the in- 
crease and decrease of turbidity in 
agitated solutions, but different in 
other respects. The difference in up- 
take and release of P** by algae-bac- 
teria suspensions as compared to bac- 
terial suspensions alone appears to be 
related not only to the amount of 
stable phosphorus but to the 
usable organic material. 


also 


The usable organic material in this 
case different for algae than for 
bacteria The effect of usable or- 
ganic material is shown in Figure 1, 
in which the percentage of P** uptake 
is plotted against time, and the rela- 
tive number of organisms remaining in 
a batch-type experiment after a given 


is 


— 
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period of time is shown. The B.O.D. 
and stable phosphorus in the initial 
solution containing only bacteria was 
considerably greater than the 
solution containing algae and bacteria. 
The phosphorus (PO,) in the solution 
which received only bacteria was about 
10 p.p.m., whereas in that containing 
algae it was slightly less than 5 p.p.m. 
The curves in Figure 1 are used to 
illustrate that bacteria decrease in 
numbers, with an accompanying re- 
lease of P*®* from the dead cells, once 
the readily decomposable organic mat- 
ter (B.0.D.) is significantly reduced. 
The algae, however, were able to sur- 
vive after practically all of the 5-day 
B.O.D. was satisfied. In Figure 1 the 
B.O.D. of the solution containing bae- 
teria was initially 200 p.p.m.; the 
B.O.D. of the algae-bacteria solution 
was only about 30 p.p.m. In solutions 
in which the initial B.O.D. and other 
characteristics of the system were more 
similar, the period of P* detention 
was evep more pronounced. The algae 
solution, which was used to compile 
the data for Figure 1, was taken near 
the effluent point of an oxidation pond. 
The very fact that algae, in growing, 
utilize carbon from different sources 
demonstrates the advantages of oxida- 
tion ponds over other biological sys- 
tems in recovering P**. Klein et al. 
(3), with controlled laboratory units, 
have shown that as much as 14 Ib. 
of phosphorus per 100 Ib. of influent 
B.O.D. may be used by Euglena 
gracilis. Bottom sediments naturally 
would have to be removed to prevent 


TABLE IX.—Cs' Uptake by Algae; 


Run No, Nutrient 


Distilled water 
Distilled water 
Tap water 
Synthetic sewage 
Settled sewage 
6 Urea and distilled water 


RADIOACTIVITY 


= 


2 
ALGAE BACTERIA 
UPTAKE 
ALGAE [BACTERIA 
NO/ML TURBIDITY 
IN PPM 
20 
1800 
2500 
2200 
20 


8 


Pp REMAINING IN CELLS — PERCENT 


10 
TIME IN DAYS 


FIGURE 1.—Metabolism of P”. 


uptake-release equilibrium conditions 
from occurring. Such condition would 
occur if the cell-detention time were 
not sufficiently long to effect decay. 

Tests in which 12-gal. aquaria were 
operated as satellites of the various 
oxidation ponds substantiated smaller 
laboratory trials. The rate of P* 
removal was primarily dependent upon 
the stable phosphorus competition and 
the rate of biological growth. 


Cs'** Uptake 


Algae grown in a variety of nu- 
trients under batch and continuous- 
feed conditions were used in the 
examination of possible exchange 
behavior of cesium ions with algae. 
Cs'** (Isotopes Division Catalog No. 
55-F’) is a fission product and has a 
half-life of 37 years. The average 
uptake of Cs’ and its radioactive 


20-Day Detention, Continuous Feed ' 


Algae (1,000/ml.) Ce” Removal (%) 


Range 


0 
185-1,800 
70-1,400 
4,500--5,500 


1 Feed consisted of same liquid substrate initially used. 
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Ay. Av. Renge 

0 3.0 07-93 

950 23 0.3-5.6 3 

596 3.7 0 -80 

5,000 5.6 4,.2-8.9 

0 0 32 0.4-8.6 3 

280 120-500 19 08-42 
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TABLE X.—Mixed-Fission Product Removal as Counted with a Geiger Mueller Tube ' 


Pond No, 1 


Centr DF 
e./m./ml.)| (e./m./ml.) mil.)| 


4 


' Relative counting geometry = 45 
tube (3.1 mg. per sq. em.) 
Grose 


per ce 


Centrifuged’ 
358 
Col. 9 

daughter Ba'*’ was less than 10 per 
cent under any condition tested. A 
typical example of results from a 
continuous-feed unit in which Erlen- 
contained different nu- 
Table The 
added salts, amount 
and number of algae were 
but the change in uptake was 
insignificant. Data reported by Mor- 
Myers (4) on experiments 
with Chlorella and con- 
trolled salts also show that uptake of 
cesium by algae is_ insignificant 
Traces of potassium ion in the ex- 
change solution exert such a profound 
influence on the uptake of cesium ion 
from aqueous solution that the use of 
algae such as were used in these ex 
periments is not practical. The rela- 
tive concentration of potassium is high 
and traces of this element 


meyer flasks 
shown in 
concentration of 


of nutrient, 


trients is 


varied 
gan and 
conducted 


are every- 
where present. 


Mized-Fission Product Uptake 


An aged fission-product mixture 
(chlorides in weak HCl solution and 
equivalent to ORNL No. FP-—P-1, hav- 
ing an age of one 


year or more) Was 


Pond No. 2 


Centr 


Pond No. 3 


DF! Gross Centr 
mil.) (e./m./ml.)) fe =. ml.)} 
7 


| 


Tracerlab scaler and end-window type G. M. 


> 


also obtained. The activities were 
about 10 millicurie gross beta counts 
(10 per cent geometry) and 10° to 10° 
gross gamma counts (40 per cent 
geometry). Approximately 50 per cent 
of the beta particles were screened out 
with an aluminum absorber having a 
thickness of 80 mg. per sq. em. 

A 10-me. shipment was placed in 
oxidation pond No. 1. After being 
mixed, samples indicated that there 
were about 360 and 160 counts per 
minute per milliliter as counted with 
a Geiger-Mueller tube and scintillation 
device, respectively. As shown in 
Tables X and XI, the least over-all 
decontamination factor resulting from 
dilution and sedimentation was 43 and 
65 for beta and gamma emitters, re- 
spectively. Ratios of beta to gamma 
emitters in gross samples were very 
uniform, about 2.3, for all samples 
tested in the three different ponds. 
Centrifuged samples, however, showed 
that ratios of beta to gamma emitters 
fluctuated from to 1.8, with an 
average of about 2.3. 

Settled waste was supplied daily to 
the first pond, which was connected 


— 
| 
12/1 | 358 | 257 | | —|- 
12/2 | 274 | 222 07 12 
12/4 | © | Ig | 34 22 90 
aes 12/7 60 33 ig | 22 16 | 60 
12/8 41 26 23 | 58 
12/9 30 27 | 50 
12/14 15 14 ig | 16 14 46 
12/18 9.1 74 | | 13 43 
1/5 41 39 | 1] 62 5.9 | a 64 
2/4 1.2 | | 1.2 | 5 

; 
: 
2 
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TABLE XI.—Mixed-Fission Product Removal as Counted with a 


Gamma-Beta Scintillation Detector 


Pond No. 1 | Pond No. 2 Pond No. 3 | Ov 
_ | All 
Gross Centr Grose Centr Gross Centr. 
| (e./m./mil.)| (e./m./ml.) D.F-" | (¢./m./ml.)| (e./m./ml.)| | (./m./ml (e./m./mil.) DF 
1 2 8 4 a 7 | 10 | 
12/1 | 156 67 23 — — - | — 
12/2 | 120 83 15 | 38 5 7.6 — - - 
12/3 80 61 1.3 15 10 1.5 2.5 -- - - 
12/4 56 49 1.1 18 12 1.5 4 1 40 156 
12/7 27 23 1.2 9 6 1.5 43 2.0 2.0 78 
12/8 19 16 1.2 10 7 14 | 40 08 4 195 
12/9 | 14 13 1.1 16 S 2.0 | 3.5 18 1.5 87 
12/14 6.2 6.0 1.0 5.2 5.0 1.0 6.4 24 2.7 65 
12/18 3.6 28 13 5.7 3.5 | 16) 42 2.7 1.6 ys 
Gross 
'D.F. = 
: Centrifuged 
156 
2 
DF. Col. 9 
in series to two additional ponds. for six months to determine if the 


Effluent from the third pond was di- 
luted with the Imhoff tank effluent and 
the combined wastes then passed 
through a Dunbar bed. The effluent 
from the final treatment system never 
registered a count above background. 

Samples of sludge from the bottom 
and walls of the ponds contained rela- 
tively great amounts of radioactive 
material. Table XII reveals that some 
of the samples from Pond No. 1 
showed as much as 600,000 counts per 
minute per gram (c./m./g.) The rela- 
tive count as taken with a G. M. tube 
was probably higher, since there was 
ample opportunity for self-absorption 
in the dried material. Apparently 
most of the radioactive substances re- 
mained in the sludge until masses 
broke free and rose to the surface. 
The floating seum occurred only in 
Pond No. 1 and contained considerable 
amounts of radioactive isotopes. Upon 
microscopic examination the scum was 
found to contain a multitude of differ- 
ent algae. The predominant forms 
were Ankistrodesmus, Scenedesmus 
armatus, Navicula, and a number of 
diatoms. 

Tests on the radioactivity in the 
effluent of Pond No. 3 were continued 


radioactivity was being gradually re- 
leased into solution or if it was being 
released as rapidly as it had been de- 
posited. Apparently it was released 
at a gradual rate, for the effluent re- 


mained at about 3 ¢./m./ml. above 
background until the ponds were 
cleaned. At the time of cleaning 


(June 8, 1954) the bottom sediment 
in Pond No. 1 contained 60 ¢./m./g. 


TABLE XII.—Radioactivity in Bottom 


Sediments 
Radioactivity per Grain 
of Dried Sludge (e./m.) 
Date | fi Remarks 
| Poot 1 | Pool 2 | Pool 3 | 
Jan. 8 | 600,000) Bottom 
25 22,000 10,000; 370) Bottom 
25 | 81,000) 30,000) 1,800 | Side 
20 | 125,000) - Floating 
| scum 
Feb. 2 | 38,000) 72,000) 1,800) Bottom 
4) 35,000) 8,000) 2,000 | Bottom 
11 | 16,000) 8,000) 7,000 | Bottom 
12 10,000) 4,000) 5,000 | Bottom 
12 | 135,000) — — | Floating 
scum 
18 | 11,000) 11,000) 2,000 | Bottom 
18 110,000; — ~ | Floating 
scum 
June 8 | 60) 40 15 | Bottom 


By 

2% 

4 

aN 
q 
i 

A 


950 


of dried sludge as compared to 600,000 
/g. recorded on January 8, 1954. 
The bottom sediment in Ponds No. 2 
and 3 on June 8 contained about 40 
and 15 ¢./m./g. of dried sludge, re 
spectively. Unfortunately, the amount 
of sludge could not be recorded with 
accuracy; but it is estimated that ap- 
proximately 20, 15, and 10 gal. of 
algal debris having a dried weight of 
about 30 g. per gallon 
ent in the Nos. 1, 2, 
ponds, respectively. 
tion usually have relatively 
small amounts of bottom sediments, 
these tests have indicated that it will 
be necessary to incorporate into oxida- 


was pres- 
and 3 oxidation 
Although oxida 


ponds 


tion pond design some means for pe 
riodically removing the contaminated 
sediments. 
Sr*® Uptake 

Sr** (Isotopes Division Catalog No. 
38-FA) has a half-life of 53 days 
and contains less than 10 per cent of 
Sr, which has a radioactive daugh- 
ter, Y®. Radioactive strontium is one 
of the abundant 
mixed-fission products and is an ele- 


more elements in 


ment which upon ingestion is readily 
incorporated into the body, particu- 
larly into the bone structure. 


There- 
fore, the radioactive isotopes of 
strontium must be separated from a 
waste solution if any disposal 
containing mixed-fission 
ucts is to be successful. 
Batch-type experiments were con 
ducted using Erlenmeyer flasks con 
taining settled sewage, oxidation pond 
effluent, synthetic substrate, and either 
tap or distilled water. Some of the 
solutions received varying numbers of 
algae; others received only enough 
waste to insure proper seeding. A 
summary of the data (Table XIII) 
indicates that bacteria and sewage or 


pro 


gram prod- 


ganisms are as effective in removing 
In the presence 
of a citrate the removal of strontium 
by algae dropped from about 22 to 
2 per cent, whereas the removal re 
mained the same where only bacteria 


strontium as algae. 
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were present. Slight fluctuations in 
pH and populations in algae did not 
appear to cause significant changes in 
uptake. As a matter of fact, algae 
suspended in distilled water for a day 
removed as much strontium as algae 
grown in a nutrient-substrate 
somewhat longer period of time. 


for a 

Ac- 
cumulation of strontium ions at times 
appeared to follow a straightforward 
ion exchange process. Tests No. 6 and 
8 (Table XIII) show the effect of 
increased food and an increasing popu- 
lation on the uptake of Sr**. The 
reduction of strontium ion uptake by 
algae in presence of a complexing 
agent indicates that the complexing 
agent must first be attacked by bac- 
teria if stronium is to be removed. 
Although only 20 per cent of the 
radioactive strontium is picked up by 
algae and bacteria in batch-type ex- 
periments, it is significant. If the fore- 
going relationship holds for a single 
pass and assuming that a new popu- 
lation of algae is available every five 
days on the average, about 70 per 
cent of the strontium might be re- 
moved during a 20-day detention pe- 
riod, providing either bottom 
ments or suspended algae were pe- 
riodically removed. 

Additional experiments of the con- 
tinuous-feed type using both flasks 
and 12-gal. aquaria showed that, with 
the batch type experiments, virtually 
the same range of uptake was attained 
—with one exception. In the batch 
experiments a complexing agent such 
as citrate materially reduced the up- 
take, whereas in the aquaria the up- 
take increased. This exception 
might be explained in that a stron- 
tium-citrate complex existed in the 
batch experiments, and since citrate 
is not readily available as food to most 
algae, insufficient time was allowed 
for bacterial action to break the com- 
plex. However, in the aquaria suffi- 
cient time was available. 
quently, the bacterial and algal popu- 
lation increased in the aquaria as a 
result of the increased organic ma- 


sedi- 


was 


Conse- 


: 
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3 ; 
oe 


Vol. 27, No. 8 


RADIOACTIVITY 951 


TABLE XIII.—Summary of Data on Sr* Removal by Algae, 


= 
| 
| 


Test No Influent 


Ay. 
2 Oxidation pond effluent 94 
3 | Tap water and algae 8.5 
{ | Aquaria effl. (syn. sewage) 94 
5 | Test 1 + 1,000 p.p.m. citrate 738 
6 Test 2 + 1,000 p.p.m. citrate 98 
7 | Test 3 + 1,000 p.p.m. citrate 8.2 
8 Test 4 + 1,000 p.p.m. citrate 9.8 
i) Distilled water + algae 8.3 
10 ~—|- Distilled water + 2,000 p.p.m. 
| urea + sewage organisms 7.6 
il | Test 10 + algae 75 


Bacteria and Other Suspensions 


| Max 

| Algae Pop. 
Range 1,000/m Av.) Range’ 
| 6.5-7.7 | 0 18 14-24 
| 84-10 | 400 22 11-33 
| 8.0-9.3 2 23 17-29 
| §.5-10.4 1,300 27 19-47 
7.0-8.5 0 17 11-21 
8.9-10.5 805 2 0-7 
7.7-9.1 2 1 0-7 
9.2-10.2 1,000 18 12-22 
8.0-8.7 2 21 15-24 
6.5-8.0 0 14 7-19 
7.3-8.0 2 18 12-31 


! Radioactivity removal based on average under equilibrium conditions near end of run. 
* Radioactivity removal based on 15 days of tests. 


terial, which in turn inereased Sr*® 
uptake from 10 per cent in each of 
three series-connected aquaria to a 
maximum of 35 per cent and an 
over-all removal of 80 per cent. The 
detention period was 20 days and 
daily additions of Sr*® were made to 
the first aquarium. 

The effect of magnesium ion on 
strontium uptake has been observed 
by Morgan (4) to be considerable, but 
in the heterogeneous conditions which 
exist in algae ponds the effect was 
not readily detected. 


Uptake 


Another radioisotope that may be 
obtained in large quantities from re- 
actor operations is Ce'™*, a pure beta 
emitter with a half-life of 290 days. 
Its daughter, Pr'**, although of rela- 
tively short half-life (17.5 min.), gives 
off 3.0 Mev beta particles and 0.2 to 
1.2 Mev gamma radiation, which make 
both mother and daughter undesirable 
as water contaminants. For practical 
purposes, however, mainly Ce’ (Iso- 
topes Division Catalog No. 58-FA) 
was used in the experimental work: 
its chemical behavior is the same as 
Ce’, although the potential health 
hazard involved in its use is much less, 


thereby requiring less manipulative 
time and effort and less cost. 

Jar cultures containing 500 ml. of 
algal suspensions in selected concen- 
trations were inoculated with Ce’ to 
provide an initial beta-gamma concen- 
tration of about 3,000 ¢./m./ml. The in- 
itial alval concentrations were 3.8 x 10° 
cells per ml. (designated as 100 per 
cent), 1.9 * 10° cells per ml. (50 per 
cent), 9.6 * 10* cells per ml. (25 per 
cent), and a distilled water control 
(O per cent) containing p.p.m. 
HgCl,. Each of these cultures was 
adjusted to an initial pH of 10 with 
NaOH. At the end of 1 hr., 1 day, 3, 
5, 7, 9, 11, 13, 15 and 17 days, respee- 
tively, a thoroughly mixed representa- 
tive sample was withdrawn from each 
culture and observed for (a) pH; (b) 
radioactivity, beta-gamma concentra- 
tion in ¢./m./ml., on both gross portions 
and centrifuged supernatant; (c) 
algae concentration, 10° cells per ml., 
as determined by microscopic count 
in a lLevy-Hauser hemacytometer 
counting chamber; and (d) predomi- 
nant genus of algae present in the 
culture. 

Concurrently with this experiment 
similar jar tests were made starting 
with all conditions the same except 
for the initial pH values, which were 


I 

CC 

} 
| 
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adjusted by NaOH or HCI to 2, 8, and 
11. A distilled-water control with 2 
p.p.m. HgCl, was carried at each 
initial pH value. The mercuric chlo- 
ride served to prevent any develop- 
ment of algae in the controls since no 
attempt was being made to perform 
pure culture work or to use aseptic 
techniques, and since past experience 
had indicated that algae can obtain 
CO, and NH, from the atmosphere 
to establish at least a limited growth 
even in distilled water. The observa- 
tion schedule for this experiment was 
1 hr., 1 day and 3 days, etc.,—termi- 
nating after the 15th day. All eul- 
tures in both experiments were thor- 
oughly stirred three times daily. 

Experimental data as plotted in 
Figures 2 and 3 may be summarized 
as follows: 


1. Algae are capable of removing 
as much as 95 per cent (equivalent 
toa D. F. of 20) of the radioactivity 
contained in an inoculum of Ce'*. 

2. The mechanism of removal is 


likely to be very erratic and may vary 
in efficacy with fluctuations in such 
controlling factors as light, tempera- 
ture, pH, nature and concentration of 
nutrients, and rate of growth. 


3. Some of the Ce’ 
by the glass beaker. 
was of 


was adsorbed 
The weight con- 
centration the order of 1 x 
and occiusion of an appreci- 
able proportion of the Ce'*' ions by 
the glass itself was evident. 


Discussion 


Study of algae by other investi- 
gators indicates selectivity on the part 
of certain types with regard to par- 
ticular elements. This would indicate 
that different species would show dif- 
fering efficiencies in taking up radio- 
active isotopes. Although a wide va- 
riety of algae were encountered in 
the studies here reported, they seem to 
have had no practical effect upon up- 
take 

The mechanism of the uptake of 
radioactivity by algae and bacteria in 
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oxidation ponds can be placed in two 
categories. In one category is P*, 
which enters into cell phosphorylation 
processes in relatively large amounts. 
In this case the radioactive phosphorus 
ion is in competition with the stable 
phosphorus ion and the uptake, conse- 
quently, is dependent upon the ratio 
of the stable to the radioactive phos- 
phorus ions. The extent to which the 
phosphorus will be used will also be 
related to the nutrient available. 
Algae and bacteria may temporarily 
remove virtually all of the P** from 
sewage or laboratory waste, especially 
when the concentration of phosphorus 
is limiting or below the other neces- 
sary growth-promoting elements. 

Strontium is in the second category 
in the method of uptake of radio- 
activity. Action of the various 
topes is dependent upon _ diverse 
chemical and physical phenomena 
which must take place before separa- 
tion and uptake are possible. Stron- 
tium and similar radioactive isotopes 
may be in competition with their stable 
counterparts and may also be in com- 
petition with elements which are simi- 
lar in ionic size and chemical behavior. 
These elements may actually be ae- 
cepted by the cell as a replacement or 
a required ion. The removal of Sr*® 
by algae and bacteria may be great, 
depending mainly upon the state of 
microscopic plant growth. 

Other isotopes, such as may 
also be listed under the second cate- 
gory, although these apparently do not 
become a part of the algae or bacteria 
cell structure. The I'*, and possibly 
other mixed fission products, may com- 
bine with trace elements to form in- 
soluble compounds as a result of the 
chemical and biochemical changes cre- 
ated by the complex biological com- 
munity existing in oxidation ponds. 
The fact that considerable amounts of 
the long-lived mixed-fission products 
actually become involved in bottom 
sediments illustrates the tremendous 
amount of biological and chemical ac- 
tivity present in an oxidation pond. 
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FIGURE 2.—Effects of various initial algae concentrations on removal of Ce™’. 


Continuous applications of mixed- 
fission products having relatively long 
half-lives could conceivably create sev- 
eral local problems. As an example, 
disturbance of the ‘‘hot’’ benthic 
sludges might redistribute the concen- 
trated radioactivity into solution. A 
proportionate amount of this radio- 
activity coming from the bottom might 


then cause somewhat of a shock load 
to a diluting body of water. 
Considerable amounts of radioac- 
tivity in bottom sediments may dictate 
the use of concrete-lined oxidation 
ponds constructed so that the sludges 
can be scraped together. The collected 
sludge could be given additional con- 
centration treatment or stored in 
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special radioactive-decay type digest- tion, proved inadequate because of the 
ers. The volume of sludge would be  semi-liquid state of the aged sludge. 
small and special storage tanks could Another possible means of reducing 
be used, especially if another concen- the amount of sediment in oxidation 
tration process, such as vacuum filtra- ponds is some form of filtration and 
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FIGURE 3a.—Effects of various initial pH values on removal of Ce“. 
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FIGURE 3b.—Effects of various initial pH values on removal of Ce. 


recirculation. Such a scheme would 
have the benefit of maintaining a dy- 
namie biological population. 

Whether algae in an oxidation pond 
can be maintained at the optimum 
growth stage is a problem to be in- 
vestigated, for algae and bacteria are 
most effective in stabilizing organic 
wastes and concentrating trace ele- 
ments when they are in the logarithmic 
growth phase. Another interesting 
possibility for maintaining the desired 
state of algae growth is to use ultra- 
fine screens and periodically remove a 
portion of the algae. This partial re- 
moval of algae will leave some as 
seed to continue reproduction, which 
will result in further uptake of radio- 
activity. 


Consideration of oxidation ponds in- 
dicates that using them to grow crops 
of radioactive-contaminated algae, later 
to be removed from the effluent, will 
present some problems, Many of the 
oxidation pond installations in Texas 
produce effluents which are low in 
turbidity, at least at times, although 
algae growth may have been luxuriant 
earlier in the series of ponds. 

This suggests that if the total de- 
tention period is long enough the algae 
and bacteria will die and many will 
become incorporated in the bottom 
sludge where, if half-lives of radio- 
active isotopes are short, much of the 
radioactivity will disappear. The 
supernatant liquid which would be- 
come effluent would retain some radio- 
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activity, but would lose still more by 
actual detention in the pond. The re- 
maining radioactivity, if dangerously 
high, might be eliminated by return- 
ing the effluent for recirculation after 
removing the algae. An alternative 
would be the removal of the waste for 
algae concentration at the point in the 
oxidation pond process at which they 
are blooming most profusely. If the 
waste which has been filtered or other- 
wise treated for removal of algae is 
still unstable from the standpoint of 
oxygen demand, further treatment of 
appropriate type can be given. 

It would appear that, although 
algae promise to be useful in the 
treatment of radioactive wastes, the 
technique of design and operation of 
the oxidation ponds must still be fur- 
ther developed. 


Conclusions 


Studies of uptake of radioactivity 
by algae under laboratory conditions 
and in experimental oxidation ponds 
indicate the following: 


Oxidation ponds should be of value 
in the treatment of certain low-level 
radioactive wastes. Decontamination 
factors of about 1.3 can be obtained in 
the case of aged mixed-fission prod- 
ucts for each 5 days of detention. This 
relatively low detention factor can 
undoubtedly be inereased by periodi- 
cally removing a portion of the algae 
population. 

Algae-bacteria populations are more 
desirable for concentration of P** than 
are bacteria populations, since the ac- 
tivity is detained in the larger algal 
cell for a longer time. The algae popu- 
lations can be maintained at an opti- 
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mum level of growth for a longer pe- 
riod of time. 

In the and of Cs'*’, 
algae populations are of no importance ; 
but secondary mechanisms of removal, 


case of 


such as ion exchange and precipita- 


tion, may become important by virtue 
of the relatively long detention pe- 
riods and the multitude of biological 
and chemical reactions occurring in 
an oxidation pond. 

Batch experiments indicate that 
Sr removal probably occurs as a 
result of ion exchange and is partially 
dependent upon the continuous re- 
moval of contaminated cells. With a 
20-day detention period under ideal 
conditions a decontamination factor of 
3 might be obtained. 

Proper growth conditions and oper- 
ation of oxidation ponds will result 
in virtually complete removal of the 
radioactive cerium. Decontamination 
factors of 20 have been obtained in 
the laboratory, and under actual op- 
erating conditions the opportunity for 
occlusion will be even greater due to 
the greater variety of suspended mat- 
ter in oxidation ponds. 
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Stream Pollution 


AIR POLLUTION CORRECTIVE MEASURES 
COMPLICATING WATER POLLUTION 
CONTROL PROBLEMS * 


By W. H. Lana 


Waste Disposal Consultant, Design Division, Esso Research and 
Engineering Co., Linden, N. J. 


Air pollution control and water pol- 
lution control fundamentally have a 
common purpose—preservation of nat- 
ural resources. In view of this, both 
fields are directly related to each 
other. This may not be evident, con- 
sidering the nature of the pollutants 
dealt with, the differences in the con- 
trol equipment and procedures, the 
differences in the various fields com- 
prising each general subject, and the 
organization of separate control bod- 
ies both by industry and government. 
Despite these apparent differences 
there is a direct relationship between 
air pollution control and water pol- 
lution control. 

This relationship is no doubt quite 
apparent to those who are engaged in 
activities concerning the control of 
both air and water pollution. Un- 
fortunately, however, there are indi- 
viduals who do not appreciate the 
existence of such a relationship and, 
of course, the consequences which 
might arise. Evidenee that the re- 
lationship between air and water pol- 
lution control is not fully appreciated 
lies in the fact that, of the many 
papers dealing with wet methods for 
air pollution control which have been 
reviewed, only about 5 per cent made 


"Condensed from a paper presented at 
1954 Annual Short School, Texas Water and 
Sewage Works Assn.; College Station, Tex.; 
Mar. 7-9, 1955. 


any reference to the effect of the pro- 
cedure described on water pollution 
control. 

It is not only natural but also re- 
quired by management in many in- 
stances that waste disposal problems 
be handled in the most economical 
manner, Although this policy is ree- 
ommended, it can, unless management 
is fully advised as to the relationship, 
confine the designer within narrow 
limits. As a result of the relationship 
between air and water pollution con- 
trol, sufficient latitude must be per- 
mitted so that both the primary prob- 
lem and any secondary problems cre- 
ated can be effectively and economi- 
cally solved at the same time, 


Secondary Problems 


For instance, an emission to the 
atmosphere might be controlled merely 
by installation of a scrubbing proced- 
ure. The air pollution problem has 
been solved, and one might stop at 
this point with the feeling that the 
project had been properly handled. 
This is an erroneous conclusion, as a 
liquid effluent has been created whose 
treatment should be considered before 
the problem can be said to be solved. 

What effect does this effluent have 
on the existing water pollution con- 
trol program?’ Can this waste dis- 
charge be combined with others and 
treated in the present facilities or 
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does it require special handling? 
These questions are representative of 
the many that will develop and must 
be answered if the problem is to be 
properly handled. This simple ex 
ample will point up the existence of 
the definite relationship of air to wa- 
ter pollution control, 
sized, that consideration 
given a particular problem be broad 
enough to include all aspects of the 
pollution control 


It is empha 
therefore, 


program. An air 
pollution problem must not be solved 
at the expense of water pollution con- 
trol. The opposite, of course, is also 
true. This is a philosophy that is ree 
ommended for adoption by all persons 
water pollution 
control activity, including governmen 


engaged in air and 
tal personnel. 

Directionally, the relationship ex 
ists in greater proportion from air to 
water than water to air, al- 
water pollution control can 
contribute to air pollution. For ex 
ample, odor-bearing liquid wastes in 
themselves are sources of air pollu- 
tion, while treatment of certain liquid 
wastes can cause air pollution 


from 
though 


Air Pollutants 


Air pollution control involves two 
principal types of pollutants 
late matter 
Dusts and 
ticulate matter 


particu- 


and gaseous substances. 


mists are classed as par- 
Vapors are included 
in the gaseous substance category 

particulate matter to 
the atmosphere can be controlled by 
gravity inertial separators, 
packed beds, cloth collectors, electri 


Emission of 
settling, 


cal precipitators, sonic waves, air fil 
ters, and Interest herein 
lies in scrubbing, as this is the prin 
cipal procedure of the foregoing list 
which has an effect on water pollution. 


The 


serubbers. 


other procedures listed are so- 


called dry procedures, as the pollutant 
is recovered in the dry state without 
production of a liquid effluent. 

Gas and vapor abatement employs 


the followmg procedures: 


dispersal 


SEWAGE AND INDUSTRIAL WASTES 


August, 1955 


through stacks, incineration, catalytic 
combustion, adsorption on solids such 
as carbon, absorption, and scrubbing. 
Absorption and scrubbing are the 
methods having present interest as 
these produce liquid effluents which 
can complicate the water pollution con- 
trol program. 

The character of the liquid effluent 
produced by a so-called wet air pollu- 
tion control procedure depends on the 
nature of the pollutant and the compo- 
sition of the serubbing agent. The 
pollutant that might be encountered 
in the liquid effluent can be a solid 
such as dust from ore processing and 
other operations in the mineral in- 
dustry or from gas cleaning. In most 
Cases of solids removal by scrubbing, 
water with or without a wetting agent 
is used 

The pollutant picked up by the 
scrubbing liquid can also be a gas 
or vapor such as hydrogen chloride, 
sulfur oxides, ammonia, and others. 
Since water is the universal solvent, it 
is the most common of the scrubbing 
agents, although certain chemical so- 
lutions are their 
affinity for a particular gaseous pol- 
lutant may be greater than that of 
water. On occasion a particular chem- 
ical scrubbing agent may be used be- 
cause it can react with the pollutant 
to form a solution that can be sold. 


employed because 


Treatment Requirements 


The nature of the effluent from the 
scrubbing operation will dictate the 
type and treatment that. 
might be that the as- 
similative capacity of the receiving 
stream or effluent standards, if any, 
will not be exceeded. In this connec- 
tion a study should be made to deter- 
mine whether the new waste discharge 
can be handled by the existing treat- 
ment facilities and what effect its in- 
clusion will have on the characteristics 
of the total waste effluent leaving the 
plant. Such a study should consider 
co-treatment; that is, treatment of one 


degree of 
required so 
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waste with another. Combination of 
the new waste discharge with total 
waste effluent without exceeding legal 
limits might be possible in some in- 
stances. As this infers dilution, it 
should not be adopted until a careful 
study has been made of the water 
pollution control law in effect so that 
violation will be avoided. 

Several treatment methods are ap- 
plicable to a serubbing effluent con- 
taining suspended solids. These are 
plain sedimentation, plain sedimenta- 
tion plus chemical coagulation, filtra- 
tion through sand or other media or 
by vacuum precoat means, and air 
flotation with or without chemical co- 
agulation. Sedimentation with or 
without chemical coagulation produces 
a sludge which must be handled. Fil- 
tration also creates a secondary prob- 
lem. In some ceases the filtering 
medium is removed from the unit and 
disearded or it may be washed and 
returned to the filter; in other kinds 
of units the medium is washed in 
place. Vacuum precoat filtration pro- 
duces a filter cake, whereas air flota- 
tion gives a froth, both of which 
require disposal. 


Disposal of End Products 


Final disposal of the end products 
(sludge, filter wash water, filter cake, 
and froth) is both difficult and costly. 
Lagooning and piling on land have 
been used extensively. In many cases 
such practices are not possible because 
the required land is not available. 

Application of incineration requires 
dewatering of the solids so as to de- 
crease the amount of heat needed. Be- 
cause the solids generally are not com- 
pletely combustible, incineration be- 
comes a drying procedure to produce 
a material that can be used as fill, 
dumped on land, or, in a few fortui- 
tous instances, sold. Liquid cyclones 
and centrifuges may find application 
in removing solids from scrubbing 
agents. Disposal of the solid residue 
from these devices requires considera- 
tion. 
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Gases, vapors and particulate mat- 
ter that are soluble in the scrubbing 
agent create an effluent that requires 
consideration of treatment procedures 
(such as sedimentation and filtration) 
beyond those classed as mechanical. 
The effluent must be studied to ascer- 
tain its character (such as its acidity 
or alkalinity, its oxygen demand, and 
other factors). Having determined 
the character of the effluent it is neces- 
sary to determine whether it can be 
handled properly by the existing 
treatment facilities and what effect its 
admission into the system will have 
on the streams that are currently be- 
ing handled satisfactorily. 

The various treatment methods in- 
volving neutralization, oxidation, and 
other chemical reactions applicable to 
effluents from scrubbing operations are 
well known. In view of this their de- 
tailed consideration herein is not war- 
ranted. Each case, however, should be 
given careful consideration, particu- 
larly as to the effect of the created 
waste stream on the present treatment 
facilities and how it can be assimi- 
lated into the existing system. 


Liquid Effluent Volume 

The effect on water pollution con- 
trol by a wet air pollution control 
installation can in some cases be mini- 
mized by recirculation of the scrubbing 
agent as compared to once-through 
use. Recirculation is applicable to 
situations involving removal of par- 
ticulate matter and, of course, is a 
fundamental feature of the regenera- 
tive procedure. 

Complication of water pollution con- 
trol can be avoided by use of a wet 
regenerative procedure. In this type 
of operation the serubbing agent bear- 
ing the contaminant is regenerated 
and recirculated. The contaminant 
removed by regeneration requires 
final disposal. In some cases the sub- 
stance might be disposed of by burn- 
ing, whereas in others it might be sold 
or used in the plant where it is pro- 


duced. 
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Although primarily a process op- 
eration, a regenerative procedure that 
is used extensively by the oil industry 
This is 
a sweetening operation used to remove 
The serub- 
bing agent or absorbent employed is 
an amine, phenolate, or phosphate so- 
lution. The hydrogen sulfide is ab- 
sorbed by the chemical agent, which 
is regenerated by heating. This drives 
off the hydrogen sulfide, which is col- 
lected and the regenerated absorbent 
The recovered hydrogen 
sulfide has been sold in 
but found favor as a 
material for production of sulfur by 


has air pollution significance. 


hydrogen sulfide from gas. 


is reeyeled. 
some cases, 


has also raw 


the modified Claus process. In some 
cases the hydrogen sulfide is burned. 
Due to the toxicity of hydrogen sul- 
fide, any burning operation requires 
careful control and supervision. 


Legal Control of Air Pollution 


Employment of combustion as a 


means for disposal of waste 
should consider the nature and amount 
of the combustion products so as to 
avoid a nuisance and violation of any 
legal control on air pollution. 


Caustic washing of petroleum frac 


gases 


refineries 
as a sweetening operation. The spent 
mixed sulfur 
phenolic-type materials 
The spent caustic 
in itself is a source of air pollution, 
due primarily to its offensive odor. It 
also has considerable oxygen demand. 


tions also is employed by 


caustic contains com- 


pounds and 


classed as acid oils. 


Consequently its disposal is a prob- 
lem, 

A procedure which has gained ac- 
neutralization and 
this method of 


ceptance involves 
deodorization In 
handling, the spent caustic is ad 
mitted to a tower in which it flows 
countercurrent to a stream of flue gas. 
The neutralizing effect of the carbon 
dioxide in the flue gas springs the 
sulfur compounds, which are stripped 
burned in a special 
The neutralizing action also 


by steam and 


burner. 
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releases the acid oils, which are re- 
covered from the liquid effluent from 
the contact tower in a settling drum. 
The final effluent, although alkaline, 
is deodorized and can usually be com- 
bined in the total waste water effluent 
without substantial effect on its char- 
acter. This procedure permits disposal 
of a particularly troublesome waste 
without complicating the water pol- 
lution problem, and at the same time 
considers air pollution. Acid can be 
used in place of flue gas for neutrali- 
zation. 


Selection of Treatment Procedure 


It was indicated previously that 
consideration of a particular problem 
should be sufficiently broad to include 
various control procedures so that se- 
lection made on the basis of 
economics, performance, and effect on 
water pollution control, The follow- 
ing example will serve to illustrate 
this point. 

Assume that solids must be removed 
from a gas stream. A study of control 
procedures is made, including water 
scrubbing and dry methods involving 
electrostatic precipitation, cyclones, 
and multiclones, The results of this 
study are given in Table I. 

Based on performance, Table I in- 
dicates that water scrubbing is the 
most attractive. This view is also true 
from the cost standpoint. However, 
scrubbing produces a liquid effluent 


can be 


TABLE I.—-Comparison of Procedures for 
Minimizing Emissions of Particulate 
Matter to the Atmosphere 


| 
Cost | Efficienc 

Procedure | (% of Efficiency 

highest ) 


Solids 
Removed 
©) (% of 


total) 


100 + 


Water scrubber 81 
Water scrubber plus} 
effluent treating | 
facilities | 
Electric precipita- 
tion 
Cyclones 
Multiclones 


99 + 
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which can complicate water pollution 
abatement and must be considered. 
The facilities required for the treat- 
ment of the effluent in this instance 
increases the investment. Conse- 
quently, the procedure loses its eco- 
nomic attractiveness, 

In some cases it will be found that 
the existing waste-water treatment fa- 
cilities can aecept the liquid waste 
effluent produced by the air pollution 
control installation. This avoids the 
provision of new waste disposal fa- 
cilities. However, in this situation 
the cost of the air pollution control 
installation should include a_ portion 
of the cost of the existing treatment 
facilities in relation to the load con- 
tributed by the new effluent. In this 
situation such cost would be added 
to the cost of water scrubbing shown 
in Table I. 
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The point here is that all aspects 
of cost should be fully considered, in- 
asmuch as selection of what appears 
to be the least expensive is quite often 
a mistake. Each procedure should 
bear its full share of associated costs 
which must be considered in making 
the final decision. This, of course, 
involves compromises influenced by 
local factors, such as legal limits, that 
must be met. 


Conclusion 


Experience indicates that the re- 
lationship between air pollution con- 
trol and water pollution control is 
either ignored or is not appreciated, 
Nevertheless, the relationship is real 
and can have a substantial influence. 
It is essential that the influence of air 
pollution control on water pollution 
control be carefully considered by both 
the designer and the control official. 
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USEFUL VARIATION ON CHURCHILL’S METHOD 
OF STREAM CAPACITY ANALYSIS 


By Groroe A. 


Engineer, South Carolina Water Pollution Control Authority, Columbia, 8. C. 


Churchill’s logical straightforward 
approach to analysis of a stream’s ca- 
pacity to assimilate pollution (1) is a 
great advance in methods of studying 
such problems. Nevertheless, one at- 
tempt to apply it to a problem of some 
importance immediately ran’ into a 
considerable difficulty. 

The question emerges 
from the bottom of a large reservoir 
with relatively low B.O.D. and 
dissolved oxygen. The dissolved oxy- 
gen content begins to rise immedi- 
ately and continues to do so after 
passing the first source of significant 
pollution. Farther downstream is a 
large B.O.D. load which 
causes a severe depletion of dissolved 
oxygen that an estimate of B.O.D. 
removal is required. Finding a basis 
for ‘‘D.O. drop’’ presented a_ prob- 
lem. 

Some thought developed the idea 
that there should be a systematic re- 
lation between the percentage satura- 
tion of D.O. and the B.O.D. in a stream 
at any point in its flow. Such a re- 
lation would lump together all of the 
factors covered by Churchill without 
the necessity of a reference point for 
drop.’’ From this relation a 
calculation of treatment requirements 
could be made using principles set 
forth by Churchill. 

To test the correctness of these as- 
sumptions, Churchill’s data were 
treated by this method. Station F was 
taken as the basis of computation be- 
cause it showed the lowest 
oxygen, 

The ‘‘D.O. correetion’’ for improve- 


stream in 


low 


source of 


dissolved 


ments in bottom conditions was not 
used in these calculations. Phelps (2) 
and others have shown that satisfac- 
tion of the oxygen demand of these 
deposits may take many years. In 
the opinion of the writer, inclusion of 
Churchill’s ‘‘D.O. correction’’ factor 
in calculations aimed at determining 
pollution reduction requirements in a 
critical situation might lead to some 
years of acute disappointment and 
controversy. 

All of Churchill’s D.O. and tempera- 
ture data for Station F were converted 
to percentage of saturation, then tabu- 
lated and plotted against the corre- 
sponding B.O.D. After some amateur 
floundering, it was found that a semi- 
logarithmic curve best fitted the data 
and the equation was derived. 

Because of the peculiar distribution 
of points on the plot it was thought 
that perhaps the equation constants 
were different at various water levels. 
Accordingly, the data were divided at 
median flow and each half was plotted 
separately. Curves and equations are 
shown in Table I and Figure 1, 

Suppose, now, that it is desired to 
estimate the degree of B.O.D. removal 
required at Industrial Plant so as to 
have a minimum of 2.5 p.p.m. D.O. at 
23° C, at 280 c¢.f.s. flow at Station F. 

At 23° C., 2.5 p.p.m. D.O. would 
represent 28.8 per cent saturation. 
From the center curve, 28.8 per cent 
saturation would be maintained with 
5.0 p.p.m. B.O.D., which would equal 
7,560 lb. of B.O.D. per day at 280 
e.f.s. Since the natural B.O.D. at 1 
p.p.m. would be 1,510 lb., the indus- 
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TABLE I.—Equations for Curves of Figure 1 


Water Level Equation ~ ae % Sat., 
(p.p.m.) 
Above median log y = 1.9889 — 0.09038X 0 97.5 
22 
All flows log y = 1.0228 — 0.09178X 0 83.7 
21 0 
Below median log y = 1.7670 — 0.07795X 0 58.5 
22.6 0 
90 
4 
80 
\\ 4 All flows 
70 © Low flows 
\\ + High flows 
\ 
\ 
40 
30 
* 
. 
Q20 
10 SS 
. 
14 


6 
B.0.D,, p.p.m. 
FIGURE 1.—Relationship of D.O. saturation to B.O.D. at Churchill’s Station F. 


trial residual at Station F would have tion F minus natural load (Churchill's 
to be 6,050 lb. after B.O.D. removal Table II) shows that the river absorbs 
at the source. about 61 per cent of the added load 

Comparison of load added at Indus- between the source and Station F. 
trial Plant with present load at Sta- Then: 
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Required industrial residual at Station F 


after treatment). 
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(1 — 0.61) * (Load at Ind. Plant 


Required residual 6,050 


Industrial Plant after treatment = 


= 15,510 lb. per day. 
Removal at Industrial Plant 
20,090 


35 600 56 per cent. 


0.39 0.39 


600 — 15,510 = 20,090 Ib. per day 


Also, 50 per cent removal at Industrial Plant gives 2.2 p.p.m. D.O. at 


Station F. 


Calculating on the same basis from the low-water curve, the following conditions 


hold at Station F: 


3.9 p.p.m. B.O.D. 


5,900 Ib. B.O.D. per day industrial residual. 
58 per cent B.O.D. removal at Industrial Plant. 


Obviously, this method will not give 
results identical to Church- 
ill’s method, reasonably 
close, and can be easily obtained in 
some situations which otherwise would 
be very difficult. 

The general procedure would be as 
follows : 


those of 
They are 


1. Make a sufficient number of field 
analyses and measurements to deter- 
mine the following: 


(a) The ‘‘natural’’ B.O.D. of stream 
above source of pollution. 


(b) The amount (pounds) of B.O.D. 
discharged at the source of pollution. 
(c) The approximate location of the 
‘*sag point’’ under present conditions. 


(d) The D.O., 5-day B.O.D., and 
stream flow values at the sag point 


2. Plot 1 (d), determine the curve 
and the equation (probably straight- 
line or semi-logarithmic type) 


3. Estimate the critical condition in 


the stream for the flow, temperature, 
and minimum D.O. desired, then eal- 
culate as outlined. 


To the valuable instructions and 
cautions contained in Churchill’s pa- 
per the writer would add the follow- 
ing: 


1, The more numerous the determi- 
nations of 1 (b) and 1 (d), the more 
reliable the results. 


2. Examine the data at the sag point 


carefully for the possibility of change 
in relationship with wide changes in 
stream flow. It may be advisable to 
use low flow data only if sufficient 
points are available. 


3. If, after instituting a change in 
the B.O.D. load on a stream, it becomes 
necessary to consider another change, 
the whole process should be repeated. 
Location of the sag point and other 
factors will vary after a considerable 
period of time with changed load con- 
ditions. 
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APPENDIX 


Calculation of Curve for Station F by Least Square Method (3) 


x: 
3 
6 
7 
2 
5 7.9555 
7 49 22 1.3424 9.3968 
7 49 20 1.3010 9.1070 
7 49 16 1.2041 8.4287 
9 81 14 1.1461 10.3149 
: 7 49 16 1.2041 8.4287 
4 4 16 46 1.6628 6.6512 
10 100 1.0414 10.4140 
: 9 81 8 0.9031 8.1279 
= 7 49 13 1.1139 7.7973 
S 7 49 14 1.1461 8.0227 
3 9 81 22 1.3424 12.0816 
6 36 24 1.3802 8.2812 
4 16 14 1.1461 4.5844 
17 Not used 0 
2 4 42 1.6232 3.2464 Ke 
2 4 68 1.8325 3.6650 
2 4 75 1.8751 3.7502 
* 122 840 . 29.1822 157.5087 
Av. X = 581 


Calculations 


( 2la + 122b = 29.1822 y r 
)122a + 840b = 157.5087 937 9 
{122a + 708.82b = 169.5486 67.8 ' 
\122a + 840.00b = 157.5087 
54.9 2 
131.18) = — 12.03.99 
b = — 0.09178 35.9 4 


, 2la = 29.1822 + 11.1972 19.1 7 


log y = 1.9228 — 0.09178 X 
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THE OPERATOR’S CORNER 


Conpucrep By DonaLp P. ScuresswoHL 


WHAT'S IN A NAME? 


When sewage treatment plant op 
erators gather together in informal 
discussion, the subject all too fre- 


quently turns to the names by which 
their plants are known and the labels 
applied to the men who operate these 


The conversation revolves 
around the stigma that is attached to 
the men and their families who share 
job of safeguarding the 
Its the 


causes 


facilities. 


in this key 
health of their communities. 
effect on their families that 
these men the most concern. 
Efforts have been made in the past 
to do something about the name sewage 
treatment plant operator. Several 
Member Associations have conducted 
surveys to obtain suggestions. All ap- 
parently with little success. More re- 
cently the California Sewage and In- 
dustrial Wastes 
posed a contest 


Association has pro- 
to solicit a new 
association name for the consideration 
A name that will 
get away’’ from the word sewage. 
Alas, that a rose by any other name 
would smell One operator 
recently suggested a change in the 
operator’s label to something like 
‘Sanitation Technician’’ that would 
differentiate between a regular run- 
of-the-mill labor hand operating a 
plant and a person licensed in a tech- 
nical field, 

But is the mere changing of a name 
the thing that will change the public’s 
their treatment facilities 
and the men who operate them? A 
sanitation technician or engineer might 
be a street sweeper—and if he operates 
in a slovenly, poorly publicized man- 


of its membership. 


as sweet. 


concept of 


ner he will always be a street sweeper. 

Everyday the public is bombarded 
with words and ideas to create word 
will certain 
Familiar are the word 
have been built up 
by manufacturers in order to attach 
some desired characteristic to their 
product. 

When the word ‘‘sewage’’ comes up 
in a discussion among a group of aver- 
age citizens it starts a process of word 
associations. The chain of thought 
runs: sewage—smell—dirty—filthy— 
nauseating. It is not difficult for the 
mind to transfer this chain of thought 
to imply that anyone associating with 
sewage must be a pretty filthy, low- 
grade sort of individual. 

It is fortunate that word associa- 
tions and taboos can be changed and 
that the situation is not hopeless. Our 
progress in the field of medical science 
in connection with venereal diseases, 
eancer, and tuberculosis is attributed 
in a large measure to our freedom to 
approach the subjects with an open 
mind and to do away with old frustrat- 
ing word associations. 

So we in the sewage treatment field 
can take courage by continued dili- 
gence in treatment methods, good 
housekeeping and public relations. 
The latter is particularly important in 
helping to overcome the prevailing 
sentiment of the public. The solution 
to this vexing problem of unhappy 
word associations lies in making sew- 
age treatment synonymous with clean- 
liness and health protection. 

D. P.S. 


associations that have a 
desired effect. 


associations that 
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Bright red valve handles, clean shin- 
ing equipment surfaces, and light airy 
interiors make the once drab sewage 
treatment plant a pleasant place to 
work or to visit. An operator inter- 
ested in his treatment facilities wants 
his plant to be a credit to the com- 
munity and the finest around; effi- 
cient, attractive, economical and safe. 

The proper paints are an important 
factor in achieving these desired qual- 
ities. The reason for this is that with 
the many distinctly different surfaces 
in a sewage plant, just one or two 
paints will not provide protection for 
equipment or attractiveness that will 
last. Different areas and types of 
service require special protective 
paints. For example, hydrogen sul- 
fide fumes and other corrosive gases 
will soon attack the wrong type paint 
and damage equipment. Salt air pre- 
sents an additional problem of cor- 
rosion protection at the Linden sewage 
treatment plant. Humidity is another 
factor, particularly in combination 
with certain sewage plant gases or 
gases from surrounding industrial 
plants producing corrosive conditions. 
Submerged areas and equipment also 
require special paints that won’t be- 
come water-soaked and deteriorate, or 
fail as soon as they come in contact 
with greases, and chemicals. 


Paint Selection 


Attack from oils, chemicals, and 
greases in addition to fumes, high 
humidity, and varying atmospheric 
conditions are the major deteriorating 
influences to be watched in sewage 
plant painting. Careful plant design 
engineering calls for a thorough ex- 
amination of the precise paint require- 
ments to overcome these problems. 
This attention was given the design 
of the Linden sewage treatment plant, 
so that there have been no setbacks 


PAINTING PRACTICES 


PAINTING THE SEWAGE TREATMENT PLANT 


By CHARLES SAUNDERS 
Superintendent, Linden-Roselle Sewage Treatment Plant, Linden, N. J. 


caused by shutdowns for repainting 
or equipment repair. The plant is 
attractive; easy to keep clean and a 
pleasure to operate. 

In selecting the right paints for a 
sewage treatment plant, two types of 
economy should be kept in mind, In- 
itial economy utilizing low-cost black 
bituminous paints, where these paints 
will do the job, and ‘‘long-lived’’ 
economy provided by special paints 
for color or corrosion resistant use. 
This long-lived protection reduces 
maintenance costs compared with costs 
resulting when an unsuitable paint is 
used. 

Black bituminous paints were used 
on pipelines, grit collectors, settling 
tank interiors, and other surfaces that 
had to be protected against submersion 
in sewage and aggressive industrial 
wastes. Bituminous paints were also 
used to protect the exterior of pipes 
buried in ground saturated with saline 
and other corrosive liquids. Walls, 
ceilings, and floors of the buildings 
were painted with chlorinated natural 
rubber-base paints in color. An alkyd 
enamel, in color, was used on pumps, 
other equipment, and railings. 

The use of the best paint for each 
service is not the entire story. No 
matter how good a paint may be, if 
it isn’t applied to a thoroughly cleaned 
surface it just won’t last. Any oil, 
grease, or other foreign substance on 
equipment surfaces prevents the paint 
from adhering to the surface it is to 
protect. Without a good bond the 
paint comes off when the underlying 
foreign material breaks down. This 
ean be observed by examining the 
backs of pieces of peeled paint. Dirt, 
deteriorated paint, or oil discoloration 
will be seen. The extra effort put into 
surface preparation is well spent, add- 
ing many years of useful paint life. 
This extra life is also assured by care- 


q 
4 
, 


968 


fully following the manufac- 


turer’s directions. 


paint 


Operational Considerations 


While protection of the taxpayers’ 
investment in physical buildings and 
equipment is important, there are 
other equally good reasons for using 
good-quality paint. Reasons that also 
save tax dollars. A good-quality paint 
will retain its original color for years 
despite fumes, moisture, condensation, 
or exposure to the atmosphere. It 
will not be discolored by the oils and 
greases always present where machin- 
ery is involved. 


Color Code 


The color code used at the Linden 
sewage treatment plant is similar to 
that of the American Standards As- 
sociation where physical hazards exist 
and equipment identification is neces- 
sary. 

For the sake of attractiveness as 
well as utility, modifications were 
made in the A.S.A. code. In this way 
lines, valves, and equipment stand out 
clearly, but do not clash with the over- 
all color scheme, The following modi- 
fied color code was used: 

Compressed air lines 


Overhead cranes and hoists 


Sewage discharge lines 
Sludge lines 

Recirculation header 
Heating and steam lines 
Disconnect water supply lines 
Pumps, motors and shafts 
Railings 

Storage tank covers 


Color Usage 


As for room color schemes, the Lin- 
den plant uses a maroon floor enamel 
that brings a richness to the floors. 
This color combined with light grey 


walls and concrete grey ceilings pro- 


duces a most pleasing appearance. 
The beauty of this color scheme has 


been commented on by many visitors, 
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and the men find that it makes the 
surroundings pleasant to work in. 

By using color in this way, it has 
been possible to bring out the best 
in building appearance. With paint 
alone the size and shape of an interior 
can be altered almost as drastically 
as if carpenters and masons had been 
called in. To give the effect of a 
‘‘raised’’ ceiling, the wall color can 
be continued up onto the ceiling for 
a foot or so. To ‘‘remove’’ a piece of 
equipment that stands out too promi- 
nently against a wall, paint it the same 
color as the wall. If, for safety rea- 
sons, a piece of equipment must stand 
out, use the color that contrasts with 
the surrounding surfaces. Brighten 
darker areas with light colors, such 
as white or ivory that have a high 
light-reflecting value. This increases 
both the natural and artficial lighting, 
and makes the room cheerful and 
cleaner in appearance. 


Safety 


Good clean colors are not only de- 
sirable from an appearance stand- 
point, but they have a definite effect 
on efficiency and safety. It is an aid 
to efficient plant operation to have 


Yellow 


Black 
Brown 
Brown with 6-in. red bands 
Blue with 6-in. red bands 
Black with 6-in, blue bands 


pipelines clearly discernable and un- 
mistakably identified. A color 
for pipelines and valves should be 
used. New should be 
schooled in the meaning of each color. 
This increases safety, particularly 
should an occur. An oe- 
casion may arise suddenly when an 
employee is called on to assist in a 


code 


employees 


emergency 


_ 
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Per Valve handles, switch handles and moving parts ......... Red 
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part of the plant where he is not ordi- 
narily employed. He must know im- 
mediately, by color, what line is in- 
volved. The consequence for errors 
can be disastrous. One knows what 
would happen if the discharge of a 
positive displacement pump were 
closed while the pump was in opera- 
tion. 

The use of the color code helps make 
efficient operation almost a reflex ac- 
tion. Properly identified lines and 
valves give a three-dimensional flow 
diagram of the plant that enables 
personnel to comprehend the system. 


PAINTING PRACTICES 


FIGURE 1.—The use of high gloss enamel paint in light colors makes an attractive 
easy to clean equipment room. Motors and tanks are grey, ceilings light grey, railings 
green and switch handles or moving parts red. 


Employee Morale 


Attractive colors on piping, equip- 
ment, and the interior surfaces of the 
building have a decided effect on em- 
ployee morale. Employees will re- 
spond more favorably to their duties 
in pleasant surroundings (Figure 1). 
A slovenly place to work produces 
slovenly work and reduces the desire 
to keep things neat and orderly. On 
the other hand, a plant with an easy- 
to-clean look will encourage personnel 
to keep it looking good. 

As an aid to encouraging cleanliness, 
paint finish can be of great help. A 
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good paint will have a smooth, dirt- 
repellent surface that frequent clean- 
ing will not pit even after years of 
service. A high gloss enamel will 
prevent dust, dirt, and oil from pene- 
trating the finish. The smooth finish 
means far cleaning and much 
faster cleaning when freshening up is 
in order. 


less 


Public Relations 


An attractive plant does not stop 
with boosting employee morale and 
personal interest in plant efficiency; 
it has a significant effect on visitors. 
This is highly desirable because the 
majority of visitors, although 
they are taxpayers, have never thought 
or wanted to think about what a sew- 
age treatment plant looks like. -Sad 
to say, they have a pretty uncompli- 
mentary idea of what a sewage treat- 
ment plant looks like. Operators can 
take pride in their well-painted plant 
when visitors are surprised at the 
cleanliness and attractiveness which 
surrounds them. They will no longer 
think of a sewage treatment plant as 
a dumping ground, but as a scientifi- 
cally operated service for the promo- 


these 
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tion of public health. The citizens 
also see in its efficiency the significant 
fact that communities served by a 
clean modern sewage treatment plant 
are much better and safer places in 
which to live. 

Indirect benefit to the operating per- 
sonnel accrues when city officials are 
favorably influenced on budgetary 
items by public opinion. 

Obviously, the more visitors at- 
tracted to the sewage treatment plant, 
the more good-will ambassadors to 
herald its service to the community. 
Therefore, when the plant has been 
painted to look its best invitations to 
visit should be extended to civie or- 
ganizations and high school science 
classes. High school students invari- 
ably interested in the modern 
practical operations of their commun- 
ity service organizations. 

So, look to the future. Examine 
your plant now to determine just how 
good paint can brighten it up, increase 
operating efficiencies, and lower main- 
tenance Then make plans to 
start a painting program or brighten 
a drab interior. You will be amazed 
at the results! 


are 


costs. 


EXPERIENCES IN TREATING FERMENTATION 
PROCESS WASTES * 


By H. W. Pirts 


Sanitary Engineer, American Cyanamid Co., Willow Island, W. 


Handling wastes from fermentation 
manufacturing puts a real 
load on that beast-of-burden of the 
organic waste disposal field, the high- 
rate trickling filter. The planning and 
designing of the biofiltration plant for 
treating the wastes waters at the 

* Presented at 1954 Annual Meeting, West 
Virginia Sewage and Industrial Wastes 
Assn.; Huntington, W. Va.; Nov. 9-10, 1954. 

t Presently Superintendent of 
Board, Parkersburg, W. Va. 


processes 


Sanitary 


Va.t 


Willow Island, W. Va. manufacturing 
plant of American Cyanamid Co., were 
presented in 1951 by Vogler, Griffin 
and Brown (1). It is recalled that, 
following the presentation of this pa- 
per, the remark was made that the 
operation of this plant would probably 
not be as simple as anticipated. The 
accuracy of this prediction has been 
affirmed during the past two years. 
Revisions have been necessary in the 
earlier concepts of loadings, strengths 
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of wastes applied to filters, suitable 
filter media, and methods of multi- 
stage operation. 

It should be noted that the operat- 
ing experiences reported here are from 
a full-scale biofiltration plant that is 
an integral part of a manufacturing 
process. The flexibility and planned 
control of conditions, normally avail- 
able in pilot plants, are sharply lim- 
ited in a full-scale plant. Experi- 
mentation is the primary function of 
the pilot plant. In the full-scale plant 
uninterrupted treatment is the pri- 
mary responsibility. Operating condi- 
tions are imposed upon the treatment 
plant by volumes and conditions of 
production. These conditions may vary 
considerably and at times may come 
and go without clear definition. For 
example, if the production department 
notifies the waste treatment plant that 
a bad batch of product must be sew- 
ered as soon as possible it is the re- 
sponsibility of the waste treatment 
plant to take care of it. Sometimes 
this throws the treatment plant out 
of balance or causes unusual condi- 
tions to develop. It would be helpful 
at these times to do investigational 
work on these unusual conditions but, 
since continuous production does not 
permit time out for investigations, it 
cannot be undertaken. Some experi- 
mental work is carried out and some 
answers have been found, but many 
questions remain unanswered. The 
progress reported herein was made 
under such conditions. 


Plant Description 


The biological waste treatment plant 
at Willow Island was put into opera- 
tion in 1952 to treat the wastes from 
the fermentation manufacturing proe- 
esses. The principal products made 
by this department are crude pharma- 
ceuticals and animal feed supplements. 

The waste waters are principally the 
spent liquors from these fermenta- 
tions. In addition, some of the floor 
washings, the laboratory wastes, and 
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a small amount of sanitary sewage are 
sent to the treatment plant. The waste 
as it enters the plant has the follow- 
ing average characteristics: 5-day 
B.O.D. 4,500 p.p.m., pH 6.7, total sol- 
ids 10,000 p.p.m., suspended solids 600 
p.p.m., and settleable solids 25 ml. per 
liter. The flow into the plant is fairly 
constant throughout the day. High 
flows and variable characteristics do 
occur but are normal conditions. 

The first units of the plant are two 
aerators followed by two primary clari- 
fiers having detention times of ap- 
proximately 12 hr. and 2 hr. respee- 
tively. These units provide the pri- 
mary treatment for the wastes which 
are subsequently fed into the heart of 
the plant. This stone and concrete 
heart is composed of two 80-ft. di- 
ameter high rate biological filters con- 
taining 1.39 acre ft. of crushed and 
graded blast furnace slag. Each filter 
is served by a secondary clarifier hav- 
ing the same capacity as the primary 
clarifiers. Primary and _ secondary 
sludges are conditioned with ferric 
chloride and lime and are dewatered 
on a vacuum filter. The resulting cake 
is disposed on a dump in an isolated 
area of the property. 

The plant was designed for a daily 
B.O.D. loading of 8,000 Ib. in a flow 
of 111 g.p.m. In the beginning, the 
hydraulic loading was from 50 to 100 
per cent over the design flow. This 
high flow was due to vacuum pump 
seal water that had a low B.O.D. of 
approximately 100 p.p.m.. This low 
strength and high volume flow was 
diverted to the chemical waste sewers 
and since then the loadings both hy- 
draulic and B.O.D. have ranged from 
50 to 75 per cent of the design figures. 
The B.O.D. of the influent varies from 
3,000 to 9,000 p.p.m. with an average 
of 4,500 p.p.m, 

When operation was started, an ef- 
fort was made to control the pH with 
automatic equipment and to keep it 
between 6.8 and 7.2. The automatic 
equipment required considerable at- 
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tention and, after it was learned that 
the influent pH would vary only be- 
tween 6.0 and 7.5 with an average of 
about 6.8, the use of the neutralizing 
equipment was discontinued, All vari- 
ations of pH are averaged out by the 
excellent mixing and compositing ac- 
tion of the aerators. 

The aerators designed for 12 hr. 
detention have proven to be very valu- 
able units. The compositing action 
and the vigorous aeration serve to 
condition the wastes for further treat- 
ment. The full air capacity has been 
used continuously thus providing from 
5 to 7 eu, ft. of air per gallon of 
influent. Little effort has been made 
to reduce this air volume in the belief 
that the more air supplied to this high 
B.O.D. waste the better the results 
would be, 


Operation 


The most satisfactory method of op- 
peration that has been found to date 
is the return of trickling filter sludge 
to the aerator. When the trickling 
filter biota are in a good state of 
health the sludge from the secondary 
clarifiers is continuously returned to 
the inlet of the aerators. These active 
organisms that have sloughed off the 
trickling filters serve as seed and help 
build a biological floc in the aeration 
tanks. ‘This floe will ordinarily con- 
tain 2 to 5 per cent settleable solids 
by volume. The floe concentration de- 
pends on the strength of the liquor 
in the aerators. The weaker the liquor, 
the more concentrated the floc. When 
starting up the aerators after shut- 
down periods it is helpful to have a 
weak waste in the aerators either sani- 
tary sewage or diluted normal wastes. 

The evaluation of the aerator per 


formance was at first puzzling and a 


bit confusing. Samples of the aerator 
influent and effluent were taken in an 
effort to measure B.O.D. reduction 
through the units. But on many oc- 
casions, the effluent B.O.D. would be 
greater than the influent B.O.D. The 
effluent sample always showed a high 
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concentration of settleable solids due 
to the floe present in the aerator. 
Since this floc had absorbed some of 
the organic matter from the waste it 
exerted quite a B.O.D. when tested. 
The procedure of evaluating the aera- 
tors and primary clarifiers as a unit 
was then adopted. The biological floc 
from the aerator settles in the clari- 
fiers, leaving a relatively clear and 
solids free liquor. The B.O.D. redue- 
tion through these two units has been 
from 30 to 75 per cent with an aver- 
age of about 50 per cent. 

This range is provocative of thought 
and the opinion based on present in- 
formation is that the health and the 
balanced population of the biofilters 
are directly interrelated to the be- 
havior of the primary aeration unit. 
The returned sludge from a healthy 
biofilter exerts a beneficial effect on 
the primary aerator. The settled aera- 
tor effluent, in turn, has a beneficial 
effect upon the biofilters. 

If, on the other hand, sickly and 
attenuated organisms are returned to 
the primary aerator it in turn does a 
poor job. This results in the appli- 
cation of an effluent of poor quality 
to the biofilters. Thus a vicious cycle 
is set in motion and, unless broken by 
corrective action, may result in the 
death of the biofilters. This has oc- 
curred twice in this plant. The stench 
is indescribable, and the problem of 
disposing of the deluge of sludge be- 
formidable. Sometimes 
resulting from the an- 
nihilation of millions of organisms, be- 
comes gooey and will not dislodge 
from the filters. This presents the 
even more difficult twin problems of 
odors and dislodgement. To experi- 
ence one of these occurrences is to fully 
appreciate the value of a balanced bio- 
logical community in the trickling fil- 
ters. 

The 16-ft. diameter primary clari- 
fiers do a good job at design flow, but 
are very sensitive to hydraulic over- 
loading. This limitation of size was 
imposed as a design factor by the fact 
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that the freshly settled solids from 
similar liquors at the American Cyana- 
mid Company Pearl River Plant 
displayed rank putrefactive charac- 
teristics. Engineering judgment pin- 
pointed the primary clarifier capaci- 
ties. The removal of lard oil, an 
essential process in connection with 
this type of fermentation operation, is 
handled by gravity separation as 
planned in the original design. 


Operational Problems 


The real problems have been with 
the biofilters. Several methods of op- 
eration have been tried and, in each 
case the methods used were directed 
toward building up and maintaining 
a healthy growth in the biofilters. It 
must be regretfully reported that many 
methods of operation were not suc- 
cessful. In faet, up to this time no 
method has given sustained high effi- 
ciency. It is well recognized that bae- 
teria are ubiquitous and that the bio- 
logical population in a waste treatment 
plant is a result of environmental con- 
ditions prevailing in the trickling fil- 
ters. The rigid control of conditions 
available and used in a production 
operation do not apply in effluent 
treatment. This is because a waste 
treatment man must take whatever is 
sent to him and must build up a bio- 
logical population which will thrive on 
the waste products. 


Biological Activity 


The plant was started late in the 
summer of 1952 and, although the 
usual startup troubles were present, 
it was not long until good B.O.D. re- 
ductions were being obtained. These 
high reductions continued until mid- 
winter when the biological life on the 
filters seemed to die off and by March, 
1953, B.O.D. reductions were down to 
a miserable low of 18 per cent. The 
filter media was black and bare, and 
it appeared that there was no biologi- 
cal life in the filters. Most of the time 
during this period, the filters had been 
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operated in parallel with low recircu- 
lation rates. In April, May, and 
June various other methods of opera- 
tion were tried, yet even with the 
warmer weather of May and early 
June B.O.D, reductions were still av- 
eraging only 37 per cent. Late in 
June a new combination of series op- 
eration was tried, using approximately 
2 to 1 recirculation and the continuous 
return of secondary sludge to the aera- 
tors. The long lost biota returned to 
the trickling filters and flourished in 
fine style. This started a period of 
operation during which the B.O.D. re- 
ductions averaged over 90 per cent, 
As shown in Figure 1 these good 
reductions prevailed until December 
1953 when a deterioration in the state 
of health of the biota was apparent. 
During January, February, and 
March 1954, B.O.D. reductions 
dropped to a monthly average of 57 
per cent. It was theorized at that 
time that the lower filter tempera- 
tures prevailing during the winter 
were responsible. However, experi- 
ence showed that this was not the case. 
The B.O.D. efficiency remained at a 
very low level even though the 
warmer weather of April and May 
raised the filter temperatures. At this 
point, it was realized that the filters 
were afflicted with a serious illness 
other than low temperatures. This 
ailment was soon diagnosed as being 
severe clogging of the beds. Air and 
liquid passages through the biofilters 
were choked off by masses of black 
jelly-like dead zooglea. This life-de- 
stroying accumulation was apparently 
the remains of the thick, lush biologi- 
cal growth that had prevailed on the 
filter since the previous summer. 


Filter Media 


Principal cause for the retention of 
this biological refuse on the filters 
was the disintegration of the filter 
media into smaller pieces, resulting in 
smaller void spaces. Crushed blast 
furnace slag, which has proved to be 
a completely satisfactory filter media 
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in many municipal and industrial 
trickling filters, was used in these bio- 
filters. Grading was carefully checked 
by the supplier of this slag and many 
precautions were taken in the handling 
and placing. However, 
filter had distintegrated by 
splitting into smaller pieces or had 
softened into putty-like masses (Fig 


pieces of slag 
on the 


ure 2). This is a serious condition 


time necessitate the re 
units, 


which may in 


building of these There is no 
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months of exposure, there had been a 
7 per cent inerease in the number of 
pieces of slag in the trays. Figure 4 
shows the condition of the beds when 
the test trays were being placed. 
When the slag was dug away to place 
the trays it appeared that the disinte- 
gration was only in the top 11% to 2 
ft. of the 6-ft. depth of the bed. If 
this the useful filter life 
may be extended by removing the top 
2 ft. of slag and using a 4-ft. depth 


is the 


case, 
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1954 


FIGURE 1.—Average monthly B.O.D. reductions through the industrial waste treatment 
plant of American Cyanamid Co., Willow Island, W. Va. 


for this disintegra 
On the basis of this experience 


apparent 
tion 


reason 


it appears that crushed blast furnace 
slag is not a satisfactory and durable 
media for biofilters treating fermenta 
tion wastes, 

the extent 


of this disintegration, test trays (ig- 


To obtain some idea of 


ure 3) were placed on the filter beds 


and are being checked periodically. 


filled with 
large size pieces of slag and after 7 


Kach tray was 60 sound, 


of bed. 


facilities 


Experience at the Pearl River 
indicates that 4-ft. beds are 
adequate for these wastes. 


Slime Removal 


The removal of tons of dead slimes 
clogging the filters was the next item 
Caustie was tried 
one of the clogged filters to 
unload. The application 
of 2,700 lb. of caustic proved to be 
a waste of time and money because 


for consideration. 
first on 
cause it to 
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FIGURE 2.—Disintegration of filter stone into small pieces (left) or by softening (right). 


the jelly-like slimes were not freed 
from the slag and the clogging per- 
sisted. These slimes had a strong buf- 
fering effect and the applied volume 
of caustic only raised the pH from 
7.5 to 8.2. Since it appeared that a 
high, lethal pH condition could not 
be practicably obtained by adding 
caustic, 2 p.p.m. of eyanide nitrogen 


as sodium cyanide were applied to the 
recirculating liquor. After this treat- 
ment microscopic examination of the 
biota indicated that few living organ- 
isms remained. In spite of this mass 
poisoning of the living organisms on 
the biofilter, the clogging, jelly-like, 
odorous mass remained tenaciously ad- 
hered to the filter media. 


é 
king 

4 FIGURE 3.—Test trays used in studying the distintegration of filter stone. i 
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FIGURE 4.—Condition of filter stone when the test trays were placed. Note the mass of 
dead zooglea clogging the voids between the pieces of slag. 


It was therefore felt that no practi- 


cal chemical treatment could remove 
this dead mass of material and some 
physical method must be tried. By 
using an unnozzled fire large 
volumes of water were applied to small 
sections of the filters and the hy- 
draulic sluicing action of the water 
carried away the clogging material. 

After the cleaning was accomplished 
the filters were dried for two weeks 
during the annual vacation period 
shut-down of the manufacturing fa- 
cilities. Operations were started again 
about August 1, 1954, and from the 
beginning B.O.D. reduction through 
the entire plant has been high. It 
seemed apparent that once again there 
was a healthy biological population 
in the treatment plant. 

The operating conditions since Au- 
gust have been typical of the treat- 
ment that has been accomplished with 
this plant under favorable conditions. 
The B.O.D. loading has been 5,500 Ib. 
per day (5,700 p.p.m.) in a flow of 
.090 m.g.d, Over-all B.O.D. reduction 


hose, 


has averaged better than 90 per cent. 
Suspended solids removal in the plant 
has been about 65 per cent. Reduc- 
tions in B.O.D. through the aerators 
and primary clarifiers have averaged 
60 per cent. The B.O.D. loading on 
the primary biofilter has averaged 
2,800 lb. per acre ft. per day (2,000 
p.p.m.) and 1,300 lb. per acre ft. per 
day (900 p.p.m.) on the secondary 
filter. Each filter has been removing 
approximately 60 per cent of the ap- 
plied B.O.D. Recirculation rates are 
114% to 1 on both filters. 

These loadings and operating condi- 
tions are generally the same as those 
that prevailed in the summer of 1954 
during the period of good B.O.D. re- 
ductions. The problem now will be to 
maintain these healthy conditions for 
an indefinite period. 


Summary 


It is apparent that there are a num- 
ber of factors to be considered and 
evaluated in connection with the opera- 
tion of aerators and trickling filters 
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treating fermentation wastes. Among 
these are: 


1. A primary aerator can, if prop- 
erly and continuously seeded, be a 
valuable tool in the treatment of high 
strength fermentation waste liquors. 

2. Series operation of the biofilters 
will result in the highest over-all 
B.O.D. reductions. 

3. B.O.D. loadings as high as 5,000 
lb. per acre ft. per day may be ap- 
plied to biofilters. Sustained loadings 
of this magnitude may result in clog- 
ging of the filter and, in extreme cases, 
the subsequent death of the filter 
growth. 

4. Periodic changes in the nature 
and extent of the food supply to the 
filter biota will tend to decrease 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Anger is a wind which blows out the lamp of the mind’’—Anon. 
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the magnitude of growth and lessen 
the detrimental clogging conditions. 

5. Blast furnace slag is apparently 
attacked by the fermentation waste 
and caused to disintegrate. 

6. Most important, a_ biological 
treatment plant must be inhabited 
throughout by a healthy community 
of organisms, The biological degrada- 
tion of any one treatment unit of the 
plant will lead to the failure of the 
other plant units if quick corrective 
action is not taken. 


Reference 
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©. E., ‘*Chemieal and Antibiotic 
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Attention operators! It will be appreciated if copies of all annual reports of both large 
and smal! plants are sent to the Federation office for abstracting in this section of the 
Journal, Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
tions, 4435 Wisconsin Ave., N.W., Washington 16, D. C. 


General 


This sewage treatment plant, the 
largest of the three plants in Cleve- 
land, treated an average of 102 m.g.d. 
of the total sewage flow of 180 m.g.d., 
accomplishing better than 90 per cent 
removal of suspended solids and 
B.O.D. Quality treatment is impera- 
tive because the treatment plant 


* For last previous extract see THIs JouR- 
NAL, 25, 9, 1108 (Sept., 1953). 


Report on the Operation and Maintenance of the Easterly Sewage Treatment 
Plant, Cleveland, Ohio, for the Years 1952 and 1953 * 


By Joun J. Wirts, Superintendent 


grounds and adjacent lake front are 
used for recreation. 

During 1952 and 1953 shift super- 
vision continued to be a eritical prob- 
lem with the average number of full 
time employees at 57. 

A special test on spent caustic so- 
lution from a refinery was conducted 
in 1953 to find a suitable method of 
disposal. Some success was experi- 
enced in adding 1 part caustic to 700 
parts of 3 per cent activated sludge. 
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Mixing with concentrated activated 
sludge formed a precipitate of iron 
sulfide. 

The average flow of the low level 
Collinwood interceptor has increased 
51 per cent during the period 1934 
1953. Rates of flow at the plant ap- 


proach 150 m.g.d. and plant capacity 
has not been changed since originally 
constructed in 1938. 

The increase in operating costs is 
attributed to a steady increase in the 
cost of supplies and services, 


Comminutors and Detritors 


Routine replacement of the com- 
minutor cutting elements maintained 
the units at peak efficiency. Most of 
the replacements were from stock re 
conditioned in the plant’s machine 
shop. The installation in 1953 of 
the fourth new comminutor completed 
the replacement program started in 
1947, 

Operation of the grit removal equip- 
ment, detritors grit 
continued on an ‘‘as need 
Traction wheels on detritors No. 1, 2, 
and 3 were replaced in 1953 with 
chilled iron. A similar replacement 
on Unit No. 4 in 1952 lengthened the 
wheel life. 


and chambers, 


basis. 


Clarification and Grease Flocculation 


1953 the conveyor 
chain was replaced as required. The 
chain life is estimated at 7 yr. Rust- 
proof grease was placed on all chain 
as an experiment in the effectiveness 
of the grease in preventing corrosion. 

Heavy fuel oil accumulated to a 
depth of 6 in. on the surface of the 
primary tanks during January and 
February, 1952. Grease skimming de- 
were completely ineffective in 
removing waste of this consistency. 
The tar-like mixture was finally 
pumped to the adjacent lawn with a 
diaphragm pump. Later it was re- 
moved to the grit dump using a crane 
and bucket. 

All pre-cast conerete ridge and fur- 
row segments were removed in 1952 


Beginning in 


vices 
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from 
toms. 


the grease flocculation tank bot- 
Very crude Dox Plank diffusers 
were tested in tank No. 3. Results 
were so successful that Dox diffusers 
were installed in the No. 4 tank, re- 
placing the drilled pipe diffusers. Fine 
grit and silt accumulate inside the 
drilled pipe diffusers rendering them 
practically useless. 


Aeration 

Maximum lake elevations during 
1952 presented a hydraulic 
problem in the operation of the aera- 
tors. Complete submergence of the 
baffles resulted and it was almost im- 
possible to maintain adequate D.O. in 
the units. 

Replacement of the pitted cast 
aluminum air manifolds was completed 
in 1952. Steel frames and manifolds 
rusted badly in a short period of time. 
The program of dismantling, cleaning, 
and fitting the plug valves with Ale- 
mite fittings was completed in 1953. 

The entire concrete manifold was 
found to be porous and air is diffus- 
ing through the 18-in. concrete walls 
and top. Work on the manifold will 
require shutting down the aeration 
plant. 

The top surface of all diffuser plates 
was coated with a 5 per cent silicone 
solution, as an experiment to find what 
effect silicone has in delaying the clog- 
ging of the plates. 


serious 


Force Main 

Maintenance of the 13 mi. sludge 
force main to the Southerly treatment 
plant during 1952 and 1953 has been 
the most difficult on record. The main 
was completely cleaned 7 times in 
1952. Severe blockages caused by fine 
silt were traced to breaks in a main 
interceptor tunnel. The contractor 
building a freeway interchange was 
considered responsible for the breaks 
and legal action is pending. 

Ten cleanings were necessary in 
1953. The pumps, operating against 
an increased head condition, are not 
producing sufficient velocity to move 
the desired concentration of sludge. 
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It is proposed that the first stage dis- p.s.i. during periods of heavy sludge 
charge pressure be increased to a maxi- pumping and force main cleaning. 
mum within the limits of the existing Operation data for 1952 and 1953 
equipment. Pressures now exceed 200 are summarized in Table L. 


TABLE I.—Summary of 1952 and 1953 Operating Data, Easterly Plant, Cleveland, Ohio 
Average 
Item 19538 
Raw sewage flow (m.g.d.) ... ‘ ’ 101.9 
Settled sewage flow (m.g.d.) 
Grit removed (eu. ft. per m.g 3.! 3.2 
Sereenings (cu, ft. per m.g.) 
Suspended solids (p.p.m.): 
Raw 
Settled 
Effluent 
Removed (%) 
B.O.D. (p.p.m.): 
; bi 79 
Removed (% 92.2 
Oxygen consumed (p.p.m.): 
Raw 


Settled 

Effluent 

Reduction (%) 
Dissolved oxygen (p.p.m.): 


Final effluent 
Ammonia (p.p.n.): 


Nitrate, efiuemt (pipm.) 0. 
Sludge pumped to Southerly plant, total (m.g.) 179. 206.88 
Moisture (%) 96.6 v6.9 
Activated sludge: 
Total solids (p.p.m.) ..... 5,679 892 
Volatile solids (%) ...... 62.§ 63.1 
Mixed liquor susp. solids (p.p.m.) .. 1,284 1,249 
Sludge index (ml./gram ) 81 114 
Air (cu. ft./gal. sett. sew.) .. 0.78 
Postchlorination: 
Days applied, total .... 90 
Application rate (p.p.m.) .......... 3.6 3.6 
Residual (p.p.m.) 
Bacterial count; agar plates 
(1,000 per ml.) : 
2.541 
169 
Reduction (%) ......... aed 93.3 
Presumptive B. coli (1,000 per ml.) : 
Raw . 116.4 
Reduction (%) rap 97.5 
Plant costs (% per m.g.): 
Operation and maintenance 19.08 
Administration 12.27 
Total .. 31.35 
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63 63 
Aerator effluent ........ 3.1 1.9 
Nitrite, effluent (p.p.m 0.3 0.2 
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Report on the Operation and Maintenance of the Westerly Sewage Treatment 
Plant, Cleveland, Ohio, for the Years 1952 and 1953 * 


By Joun O. Superintendent 


General 


The average daily flow of 33.8 m.g.d. 
in 1952 and 33.4 in 1953 was approxi- 
mately 12 per cent below the record 
flow of 1950. Diversion of some sew- 
age flow caused by repairs to the inter- 
ceptor on West 117th Street, follow- 
ing the explosion of September 10, 
1953, may have had some effect in 
reducing the flow. 

The need for additional digester ca- 
pacity has been indicated during the 
past two years. Effective capacity of 
the present units is materially reduced 
by the formation of excessive scum 
layers averaging 10 ft. in thickness. 

Operating conditions of the grit re- 
moval equipment were similar to those 
existing in previous years. During 
1953 considerable repair work was re- 
quired on the rake, mascerator, grit 
crane, and detritor. 


Sedimentation 


Imhoff tanks are used for primary 
sedimentation and every effort is made 
to remove the solids as fresh as pos- 
sible. Six digesters handle the solids 
load. As usual the slots in several 
Imhoff tanks became blocked during 
the winter. Considerable digestion 
took place in the tanks as evidenced 
by gas escaping through the gas vents 
and slots. Heavy gas vent scum was 
sent directly to the filter or the stor- 
age tank, and not to the digester as 
in previous years. 

Two of the Imhoff tanks were used 
for sludge and scum storage as in 
previous years. Digester scum was 
handled much more conveniently in 
1952, The storage tanks were first 
pumped down to the slots before 
adding digester scum, thereby pro- 
viding room for a greater portion of 
the heavy scum. Scum from the stor- 


~* For last previous extract see THis Jour- 
NAL, 25, 9, 1110 (Sept., 1953). 


age tanks was broken up by water 
pressure and added daily to the filter 
sump together with digested sludge. 
Removal of the digester scum to the 
storage tanks then followed and was 
completed during the summer months 
thus avoiding the undesirable feature 
of having frozen scum on the storage 
tanks interfere with the overflow of 
supernatant from the tanks. 


Chlorination 


Procedures for chlorinating the sew- 
age continued as in prior years. Pre- 
chlorination was utilized again to con- 
trol odors, bacterial growth, and gas 
vent foaming. During the recreation 
season concentrated efforts were under- 
taken to maintain a chlorine residual 
in the effluent. The presence of indus- 
trial wastes having a high chlorine de- 
mand taxed the equipment capacity 
on several occasions. 


Sludge Digestion 


Digester operations varied only 
slightly from those of previous years. 
Minimum monthly gas production oc- 
curred in September and August for 
1952 and 1953 respectively. The pre- 
vious pattern had been October as the 
minimum month. The rate of gas pro- 
duction has decreased for five con- 
secutive years, being 6.3 cu. ft. per 
pound of volatile solids added in 1953. 
The ten year average is 8.3 cu. ft. 

Four of the six digester boilers be- 
came inoperative during the year due 
to the rusting of the coils, resulting 
in leakage. 

Late in 1953 an experiment was 
started on gas recirculation from the 
gas dome to the supernatant layer be- 
low the scum layer. The limited 
amount of data obtained indicated 
that the scum was reduced, but the 
consistency was more dense. Compari- 
son with a digester used as a control 
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indicated that additional scum forma- 
tion may have been prevented. 


Filiration 


Due to a marked increase in the quan- 
tity of sludge processed it was neces- 
sary to operate 24-hr. per day. During 
1952 one-half of the sludge filtered 
was pumped directly from the di- 
gesters while the balance consisted of 
sludge and scum from the storage 
tanks. About one-quarter of the solids 
were from digester and gas vent scum. 

The average life of the filter cloth 
was only 117 hr. as compared with a 
10 yr. average of 211 hr. An extensive 
experiment was conducted in the lab- 
oratory to determine the effect of dif- 


Item 
Raw sewage flow (m.g.d.) 
Grit removed (eu. ft. per m.g.) 
Sereenings (cu. ft. per m.g.) 
Suspended solids (p.p.m.): 


Imhoff tank effluent .............. 


Removed (%) 
B.O.D. (p.p.m.): 


Removed (%) 
Oxygen consumed (p.p.m.): 
Raw 


Reduction (%) 
Total bacteria (1,000 per ml.): 


Imhoff tank effluent .............. 


Reduction (%) 


Reduction (%) 
Prechlorination: 
Days operated 
Average dose (p.p.m.) 
Postchlorination : 
Days operated 
Average dose (p.p.m.) 
Average residual (p.p.m.) 
Raw sludge to digesters: 


Number of additions per month .... 


Temperature (°F.) 
Volatile solids (%) 
Total solids (%) 
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TABLE II.—Summary of 1952 and 1953 Operating Data, Westerly Plant, Cleveland, Ohio 


Presumptive B. coli (1,000 per ml.): 


981 


ferent sludges on cotton filter cloths. 
The result of the experiments indicated 
that the filtering of large quantities 
of sludge directly from the digesters 
was the cause of decreased cloth life. 
The practice was discontinued in 1953 
and the average cloth life increased 
slightly. 


Incineration 


Incinerator practice continued near 
normal with the park department and 
public taking over 80 per cent of the 
sludge cake. Because of the light serv- 
ice the incinerators have required only 
a minimum of maintenance. 

Operation data for 1952 and 1953 
are summarized in Table II. 


Average 

1953 
33.8 33.4 
3.1 2.8 
0.5 0.5 
269 277 
177 181 
34 34.7 
183 


81 86.5 
4.6 4.64 
Jeeves 83.7 94.8 
5.3 6.1 
14 14 
7 75 
64 65 
63.2 614 
6.5 6.7 


|_| 

Raw 

Imhoff tank effluent 151 142 

7 

Imhoff tank effluent 122 129 

“veer 

ee. 6.7 6.6 

Alkalinity as CaCO, (p.p.m.) ——...... 890 860 7 
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TABLE I1.—(Continued) 


Average 


Item 1953 
Digester supernatant: 
Total solids (% : 1.2 0.7 
Volatile solids (% 51.2 50.2 
pi 7.9 
Alkalinity, as CaCO, (p-p.n 2,250 2,010 
Gas production: 
Daily production (cu, ft . 140,700 153,700 
Cu. ft. per Ib. volatile solids 69 6.5 . 
CO, (% 27.4 27.2 
Gas utilization (% 
Digester heaters 28.7 27.4 
Building heaters 23.5 22.2 
Incinerators 28.4 35.3 
Wasted 19.4 15.1 
Digested sludge yacunm filtered 
solids (lb. per month 570,500 590,100 
Total solids (% 8.3 
Volatile solids (% 51.6 50 
pH 7.9 7.9 
Alkalinity, as CaCO, (p-p.m 2 180 »100 
Chemieal dosage for vacuum filtration 
Ferrie chloride 2.8 2.9 
Lime 14 15.1 
Caleium oxic 12.5 13.4 
Sludge filtration 
Milter cake 
Total (tons 11,581 13,217 
Moisture (% : 65.9 66 
Volatile solids (% 44 43.5 
Pounds dry solids per sq ft. filter area 
per hr. 3.58 3.5 
Filter cake per filter hour (ton Oo” 0.85 
Average filter cloth operating lif (hr. 117 126 
Sludge filter cake 
ons per month incinerated 162 376 
Tons per incinerator hour hol 0.86 
fons used for soil conditioner 9 632 8.702 
Incineration: 
Fuel oil used: 
Gal, per ton of filter cake 0.17 0.54 
Gal, per ton of dry solids : 0.48 1.56 
Gas used 
Cu, ft. per ton of filter cake 878 1,694 
Cu, ft. per ton of dry solids 2,500 4,876 
Plant costs (% per mg 
Operation and maintenanes 15.17 16.37 
Administration 12.32 14.04 
rota 27.49 30.41 


Report on the Operation and Maintenance of the Southerly Sewage Treatment 
Plant, Cleveland, Ohio, for the Years 1952 and 1953 * 


By Wa.rer E. GERDEL, Superintendent 


General vesters and elutriation equipment, and 
A major construction program was new primary settling tanks and aera 
undertaken during 1952 and 1953 tors Th. construction work inter 
primarily involving additional di fered somewhat with regular routine 
; Por last previous extract see THIS JOUR plant operation and required special 


wat. 25. 9, 1113 (Sept., 1953 procedures to be observed at all times 
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In addition, considerable breaking in 
and testing of new equipment was 
necessary. 

The trickling filters were operated 
only during May, 1952, after which 
they were permanently abandoned due 
to ponding and poor results caused by 
the clogged condition of the stone. 
The following distribution of sewage 
flows applies to the effluent from the 
Imhoff tanks: 


Flow (%) 
Distribution 1952 1953 
To aeration tanks 54.1 52.51 


To trickling filters 3.3 0.0 
sy-passing sec, treat. 42.6 47.5 


exeluding elutriation 


The continuing increase in cost of 
operation during these two years was 


caused mainly by wage and salary 
adjustments. 
The metered raw sewage flow was 


14,037.8 m.g.d. for 1952 and 13,180.7 
mgd. for 1953. This represented a 
substantial increase over the previous 
year due to the end of construction 
activities that had caused diversion 
of the Big Creek interceptor flow. 
The lower figure for 1953 is attributed 
to necessary plant by-passing in No- 
vember as a result of construction 


work. A temporary chlorinating sta- 
tion was set up for the by-passed 


sewage. 


Primary Treatment Units 


Newly constructed primary settling 
tanks were put in service in November, 
1953, replacing the Imhoff tanks. The 
latter were converted to open type 
secondary digesters with satisfactory 
results 

Principal operating problem was the 
accumulation of an industrial waste 
oil on the Imhoff tanks. Minor diffi- 
culties developed in placing the new 
settling tanks in operation. 


jeration Units 


With an air volume of 
mately O.5 eu. ft. per 


approxi- 
gallon of in 
fluent flow, the aerators showed B.O.D. 
reductions of 67.2 per 71.1 


cent and 


EXTRACTS FROM OPERATION REPORTS 


per cent for 1952 and 1953 respec 
tively. The effluent is given no fur- 
ther treatment and is the source of 
supply for the wash water used for 
elutriation. Earlier poor operating 
results due to the return of elutriate 
water to the aerators were not evi- 
denced in 1953 and excellent results 
were obtained, although there was an 
increase in the solids loading. 

A main electrical conduit failed in 
September, 1953, apparently due to 
water that had lain in the conduit 
since the 1948 flood. Gas engine blow 
ers operated satisfactorily, requiring 
only one engine to carry the load, The 
No. 2 engine underwent a major over- 
haul in 1953. 


Sludge Digestion 

Sludge concentration was confined 
to waste activated sludge from this 
plant. The volume, however, had in- 
creased 70 per cent in 1953 due to 
sludge elutriation. Provision was 
made in 1952 to pump sludge from 
the Easterly plant directly to the di- 
gestors. As a result, odors in the 
concentration unit were greatly re- 
duced, Late in 1952 six new digestion 
tanks and auxiliary equipment were 
placed in operation to supplement the 
12 old tanks. The effeet of addi- 
tional digestor capacity and improved 
sludge heating facilities was clearly 
indicated by a 50 per cent increase 
volume, The average super 
natant temperature rose from 67° F. 
in 1951 to 86° F. in 1952. The super- 
natant is recirculated through the ex 
ternal sludge heaters when raw sludge 
is not being added 

The 12 old digesters were cleaned 
in a project that place 
March 24 to September 5, 
Elutriation wash water, 
pressure, was utilized in the cleaning 
operations. 

Experimental work on utilizing the 
coneentration tanks to settle digester 
supernatant liquor indicated that the 
tanks only effective when the 
liquor contained 1.5 per cent or 
total solids, 
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TABLE II1.—Summary of 1952 and 1953 Operating Data, Southerly Plant, 
Cleveland, Ohio 
Average 
Item 1952 
Raw sewage flow (m.g.d.) 38.4 
Sereenings (cu. ft. per m.g.) 0.42 
Grit (eu, ft. per m.g.) 1,24 
Per cent volatile 59.2 
Flow distribution, total (m.g.) : 
Aeration unit 6,257.3 
Trickling filters 
By-passing sec. treat. 5,982. 6,923.4 
Suspended solids (p.p.m.): 
192 
Imhoff tank effluent 3 146 
Aerator influent 157 
Aerator effluent { 44 
Dissolved oxygen (p.p.m.): 
Raw sewage 
Imhoff tank effluent 
Aerator effluent 
River above plant 
River below plant 
B.O.D. (p.p.m.): 


River above plant 
River below plant 
Combined effluent over-all reduction (%): 
Suspended solids 
B.O.D. 
Sulfates in raw sewage (p.p.m.) 
Digester operation: 
Raw sludge: 
Volume, total (m.g.) 209.3 
Per cent from Easterly plant 85.7 
Per cent from Southerly plant 14.3 
Dry solids (mil. Ib.) 56.3 
Volatile solids (mil. lb.) 35.7 
Digested sludge: 
Volume, total (m.g.) 35.4 
Dry solids, total (mil. lb.) 19.3 
Volatile solids, total (mil. lb.) 9.1 
Total solids (%) 5.4 
Volatile solids (%) 47.4 
Alkalinity (p.p.m.) 3,260 
pH 
Supernatant; 
Volume, total (m.g.) 
Total solids (%) 
Volatile solids (%) 
Suspended solids (p.p.m.) 
Gas production: 
Daily produetion (eu. ft.) 
Cu. ft. per Ib. volatile solids 
CO, (%) 
B.t.u. (gross) 
Gas utilization (%): 
Wasted 
Digester heating 
Incinerators ... 
Gas engines 
Building heat and mise. 
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: 
Aeration tank effluent ... 21 24 

7.8 
21.8 
56.9 

259.6 
80.2 

19.8 

64.5 : 
: 
47.9 

18.1 
8.6 

4.4 
3,160 
7.6 

210.9 

8,855 

867,000 

7.9 
84.4 
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Item 


Vacuum filtration of sludge: 
Filtered, total (m.g.) 
Dry solids, total (mil. Ib.) 
Chemicals used (%): 

Ferric chloride 
Lime 


Filter cake production: 
Dry solids, total (tons) 
Solids (%) 
Volatile solids (%) 


sq. ft. filter area) 

Filter cloth life (hr.) 
Sludge incineration: 

Tons per month 

Tons per incinerator hour 

B.t.u. per Ib. volatile solids 

Filter cake moisture (%) 


Plant costs ($ per m.g.): 
Operation and maintenance 
Administration 


Sludge Disposal 


The new elutriation tanks were com- 
pleted in the spring of 1952. Results 
of operations to date have not been 
satisfactory. Efforts were made to use 
four volumes of wash water to one 
of sludge, but variations in the sludge 
pumping rate made this impossible. 
A heavy scum on the surface of the 
washing tanks was also troublesome. 
The process had the effect of increas- 
ing the total solids only slightly, and 
reducing slightly the volatiles. 

Efforts to eliminate the use of lime 
when filtering the elutriated sludge 
were unsuccessful, unless the ferric 
chloride dosages were quite high. 
Laboratory tests and experimentation 
indicated that it was cheaper to use 
both lime and ferrie chloride than it 
was to use only ferric chloride. The 
filtration of elutriated sludge led to 
higher vacuums being attained in the 
piping systems and some difficulty 
with the filtrate pumps. The average 
life of the filter cloth in 1952 was 364 
hr. and 324 hr. in 1953. 
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TABLE III.—(Continued) 


Filter cake, volatile (%) .......... 


Filter rate (lb. dry solids per hr. per 


A 

1952 1953 
38.8 56 
19.7 24.3 
54 4.7 
17.1 14.5 
15.3 3.2 
12,957 16,313,7 
28 28.5 
38.9 39.3 
3.1 2.7 
364 324 
3,783 4,517 
3.1 2.9 
unas 11,916 12,161 
72 71.5 
38.9 39.3 


A coil type vacuum filter was oper- 
ated experimentally during October 
and November, 1953. Although con- 
ditions were not ideal, due to various 
mechanical and chemical feeding 
troubles, the filter operated on a num- 
ber of runs in parallel with one of the 
existing filters. In general, the coil 
filter out-produced the control filter 
in dry solids yield, but the cake was 
appreciably wetter. 

The sludge drying beds have not 
been fully utilized during the past 
two years due to a manpower shortage 
and high cost of operation. The beds 
were taken out of service in June, 1953 
and placed on a standby basis in event 
of major breakdowns of the vacuum 
filters or incinerators. 

Incinerator smoke control has been 
a major problem. Serious efforts were 
made in 1953 to operate the incin- 
erators more effectively. Considerable 
repair and maintenance was necessary 
on the hearths, but future improve- 
ments are expected. 

Operation data for 1952 and 1953 
are summarized in Table III. 
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WILDLIFE ESCAPE RAMPS 


By Russett 


Superintendent, Sewage 
Undeveloped areas some distance 
from the hub of 
usually are chosen as the most practi 


removed eity life 
cal sites for sewage treatment plants 
These unused areas surrounding many 
of our cities provide excellent cover 
for wildlife. Although generally not 
the habitat for wolves, bear, or deer, 
the smaller animals such as raccoons, 
rabbits, and 
quite common, including a dog or two 


opossums, muskrats are 
on a hunting expedition. 

Many of these animals are attracted 
hy the water in the sewage treatment 
tanks, particularly the aerators. Once 
in they seem to be unable to get out 
Aside from the 
it means getting a pole and a scoop 
The task 
of disposing of these hapless creatures 


humanitarian reasons 


to remove their dead bodies 


is not one that elicits volunteers from 
the plant staff. However, if the bodies 
are not discovered soon enough they 


FIGURE 1.—Escape ramp for wayward 
wildlife that fall into the sewage treatment 
tanks 


Treatme 


nt Plant, Birmingham, Mich 
into the 
pumps and clog them 

At the Mich 
treatment plant, which is located in an 
attractive 


are drawn return sludge 


Birmingham, sewage 


wooded area, even the cy 
clone type fence does not keep out the 
Figure 1 shows a 


affords an 


fauna 
that 


animals 


neighboring 
float 


SCA pe for 


ramp avenue of 


who have become 


immersed in sewage, It to see 


Figure 2) how the ramps are con 


FIGURE 2.—Float ramp is easily con- 
structed from scrap material. 


structed. The cleated plank is hinged 
to a simple frame that fits over the 
top of the tank walls. A painted float 
of 2 by 4’s keeps the lower end of the 
ramp floating. 
several coats of paint, the float in time 
waterlogged and has to be 
The hinged upper end keeps 


Although covered with 


becomes 
replaced 
the ramp in proper position irrespec 
tive of the tank water level 

Several of these floats have been in 
stalled by plant personnel in strategic 
Although there have been 
no reported observations of any ani- 
mal ramp there has 
heen a definite decrease in the number 


locations. 
coming up the 


scooped out 


we 
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| 
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TIPS AND QUIPS 


Purple, Orange, and Blue 


A new revised color code was re- 
leased to industry recently. It uses 
three new colors to warn workers 
against potential dangers, including a 
high-visibility purple to indicate radi- 
ation hazards. The other new colors 
are: orange to designate dangerous 
dangerous parts of machines or ener- 
gized equipment, and to emphasize 
dangers for exposed or unguarded 
parts of machines; and blue as a warn- 
ing against operating machines while 
under repair. 


X-ray Televising 


Pump action can be studied through 
x-ray televising recently developed at 
the Nation Bureau of Standards. 
Washington, D. C. The use of high- 
penetration radiation and a technique 
for converting the high-energy x-rays 
into visual images provides a clear 
picture of moving parts. It should be 
possible to televise the internal opera- 
tion of a wide range of mechanisms. 


Liquid Zinc 


The advantages of ‘‘hot dip’’ gal- 
vanizing with none of the expense or 
inconvenience is claimed by the manu- 
facturer of Zinktron. This laboratory 
developed method of surface protec- 
tion is as easily applied as paint. 
Any iron or steel surface new, old, or 
deteriorated can be protected with a 
minimum of preparation, and previ- 
ously galvanized surfaces can be 
touched up. galvanizing action 
takes place, preventing rust creep. 

Developed by Constad Laboratories, 
information can be obtained from Hal 
dar Sales and Co., 277 Broadway, New 


York, N. Y. 


Filter Fabrics 


An interesting illustrated booklet 
entitled ‘‘Filter Fabrice Facts’’ sum- 
marizes a number of general and spe- 
cific points about filter fabries. The 
booklet makes no claim to being a 
complete technical manual, but it does 
present interesting information on 
fabric materials and construction, 

It will make interesting reading to 
operators who have filtering equip- 
ment. Copies may be obtained from 
Wellington Sears Co., 65 Worth St., 
New York, N. Y. 


Fish and D. O. 


Fish require more dissolved oxygen 
to survive in turbulent water than they 
do in still water, according to studies 
made by the Robert A. Taft Sanitary 
Engineering Center, USPHS. 


Technicolor 


Color combinations which focus at- 
tention on the recording chart have 
been introduced by the Bailey Meter 
Company, Cleveland, Ohio. Cray, 
green, and tan colored recorders are 
mounted on panels of the same but 
lighter shades of color. Fast and ac 
curate instrument readability with 
minimum operator fatigue are claimed 
for the new colors. 

Anything goes in an effort to ease 
the strain on operating personnel and 
bring some color into the treatment 
plant. How about vermilion colored 
recorders with pink charts and pale 
yellow panels! 


Clamps Provide Pipe Repair 


During the rehabilitation of a sew- 
age treatment plant a 24-in. diameter 
cast-iron elbow was discovered split 
as a result of water freezing in the 
elbow-trap. Replacement would re 
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quire weeks and a major operation 
would be necessitated, critically delay- 
ing the rehabilitation program. 

Several attempts to repair the elbow 
failed. Finally, Punch-Lok open-end 
heavy-duty clamps were applied and 
successfully pulled to split together so 
that leakage was negligible. Although 
the repair was at first considered to 
be temporary, the elbow is still tight 
after five years of service. 

A pocket-size booklet ‘‘Clampways 
Ideas’’ can be obtained free of charge 
from the Punch-Lok Company, 321 N. 
Justine St., Chicago 7, Ill. 


Guide to Community Safety 
Programs 


A ‘“‘how to’’ guide setting forth 
steps in organizing an effective com- 
munity safety program is available. 
Prepared by the Committee on Com- 
munity Safety Programs of the Presi- 
dent’s Occupational 
Safety, the guide recognizes commun- 
ity action as an effective means of 
preventing work accidents, many of 
which occur in the smaller plants. 


Conference on 


The guide includes a sample pro- 
gram for a one-day community safety 
conference and a list of sources of help 
for groups wishing to organize a con- 


ference. A limited supply of the guide 
is available without charge from the 
Bureau of Labor Standards, U. 8. 
Department of Labor, Washington 25, 
D. C. 

Here is an opportunity for sewage 
treatment plant personnel to extend 
their safety consciousness into the com- 
munity. 
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5,500,000 Fish 


Eleven fish per cubic feet, each fish 
averaging slightly less than 6 oz. in 
weight, resulted in a mass death in the 
Upper Lane Cove River at Sydney, 
Australia. Lack of oxygen and high 
phosphates were noted in the 11 acre- 
ft. of available water. 


Non-Oily Penetrant 


Corroded nuts and bolts that will 
not respond to diligent efforts of a 
wrench can now be eased into coopera- 
tion. 

A new product, the first non-oily 
penetrant, has been announced by Olin 
Mathieson, Chemical Corporation. Re- 
ported to be more effective than oils, it 
is fast acting, deep penetrating, and 
safer to use because it is nonflam- 
mable and does not spread over the 
work. 

The new penetrant is distributed by 
National Automotive Parts Association 
jobbers under the name Puritan Pene- 
trant. 


Instructor for Lebanon 


Word has been received from 
Biblical Lebanon that an instructor in 
sanitary engineering is needed in the 
new Public Health School at the 
American University of Beirut. The 
position carries an income tax free 
salary of $6000 per year together with 
round trip transportation. Further 
information may be obtained directly 
from A. E. Williamson, Jr., Chief, 
Public Health Staff, American Em- 
bassy, Beirut, Lebanon. 
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Federation Affairs 


ATLANTIC CITY MEETING PLANS NEAR 
COMPLETION 


Atlantic City, New Jersey, will be the 
locale of the 28th Annual Meeting of the 
Federation of Sewage and Industrial 
Wastes Associations to be held October 
10-13, 1955. This city, with attractive 
hotel and convention accommodations, will 
provide excellent facilities for the technical 
sessions, the manufacturers’ exhibits, and 
enjoyment of the environment by all who 
attend. The opportunity for combining at- 
tendance at the meetings with additional 
time for relaxation before or after the 
meeting is most inviting. 

Committee members of the Local Host 
Association—the New Jersey Sewage and 
Industrial Wastes Association—have been 
hard at work on final details for the meet- 
ing, which the Host Association promises 
to be the largest in Federation history. 


Local Committees 


The Local Arrangements Committee, un- 
der the general chairmanship of Mr. Sol 
Seid, Supervisor, Department of Public 
Works, New Brunswick, New Jersey, is 
composed of the chairmen of the following 
subcommittees : 


Registration Committee: Andrew Palmer, 
chairman; W. 8. Applegate, C. Molitor, C. 
B. McMannamin, W. H. Higgins, M. 8. 
Kachorsky, R. J. Budrick, A. Scoceo, and 
W. J. Fairbrother. 

Hotel Arrangements Committee: H. C. 
Greenfield, chairman; R. B. Mowry, W. 
Gross, M. Brunstein, and A. Leahey. 

Finance Committee: P. N. Daniels, chair- 
man; C. Ellis, C. D. Morelli, and L. Morrill. 

Entertainment Committee: J. Horgan, 
chairman; J. Stewart, D. Gallagher, and 
C. Bessen. 

Ladies Entertainment Committee: Mrs. 
A. Clark, chairman; Mrs. 8. Seid, co-chair- 
man; Mrs. M. Brunstein, co-chairman; Mrs. 
M. Kachorsky, Mrs. H. Van Der Vliet, Mrs. 
J. Horgan, Mrs. L. Fontenelli, Mrs. F. Van 
Orden, Mrs. H. P. Croft, Mrs. P. N. 
Daniels, Mrs. R. Mowry, Mrs. J. Collom, 
Mrs. H. C. Greenfield, Mrs. A. H. Fletcher, 


Mrs. L. F. Frazza, Mrs. R. Shaw, Mrs. L. 
Klockner, Mrs. A. Palmer, and Mrs, J. 
Hood. 

Local Host Committee: J. LeChard, 
chairman; G. A. Scheiter, E. Steelman, J. 
Moncrieff, G. Fieldhouse, and A. Maeri. 


Early Registration 


To help early arrivals avoid the Monday 
morning registration rush on October 10, 
the Registration Desk will be open in the 
foyer of the Embassy Room of the Ambas- 
sador Hotel from 9 am to 5 pm on Sun- 
day, October 9. All who arrive during this 
period or before are urged to take ad- 
vantage of these early periods for registra- 
tion. 


Announcement to Membership 


The formal announcement of the meet- 
ing was sent to all active and corporate 
members of the constituent associations of 
the Federation several weeks ago. That 
announcement contains further details as 
to technical and social programs, registra- 
tion, manufacturers’ exhibits, cost of the 
various functions, and a reservation card 
for hotel accommodations. Room reserva- 
tions for hotel accommodations should be 
made directly with the headquarters hotel, 
the Ambassador. Anyone desiring addi- 
tional copies of the formal convention an- 
nouncement or hotel reservation cards may 
obtain them from the headquarters office 
of the Federation. 

As the new Atlantic City Sewage Treat- 
ment Plant will be in the very early stages 
of construction, no organized inspection 
trip is planned to see this plant. How- 
ever, the Host Association has made ar- 
rangements with plants of exceptional in- 
terest in the area that are certain to attract 
many who attend the meeting. As a result, 
the technical sessions of the meeting will 
extend over four full days, Monday through 
Thursday, concluding Thursday afternoon 
with a symposium on research in the sew- 
age and industrial wastes field, 
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Reviews and Abstracts* 


Waste Disposal at a Steel Plant: General 

Problems. By Ross Neso.sine. Proc. 
Civil Eng., 80, Separate No. 
1954). 


Amer Sor 
192 (Sept 
This is the first of a group of reports and 
only information on the 
(Pa.) Works of 


, and the basic features 


gives 
problems at the 
the U.S 


general 
Fairless 
Steel Co 
in the design of the collection and treat- 
ment facilities for industrial wastes 

W. A. 


Waste Disposal at a Steel Plant: Treat- 
ment of Sheet and Tin Mill Wastes. 
By Huau Proc. Amer 
Soc. Civil Eng., 80, Separate 493 


(Sept., 1954) 


This report gives in fair detail the types 
and volumes of acid, alkaline, plating, and 
oil wastes, and the design and operation of 
the collection and treatment facilities 
Insoluble oils are removed in a separator, 
and soluble oils are first broken by acid so 
that will float, then treated with 
chemicals to remove additional oil that 
will be absorbed in the precipitate and then 
either settle or float Waste pickling acid, 
waste sodium milk-of- 


much 


orthosilicate, and 
lime are used 

reduced with 
spent pickle liquors and then combined 
with other flows and milk-of-lime added to 
complete the reaction. 

W. A. HasrurrHerR 


Chromium wastes are 


Waste Disposal at a Steel Plant: Treat- 
ment of Flue Dust Waste. By Anous 
D. Henperson ann J.J. Barra. Proc 
Amer. Soc. Civil Eng., 80, Separate No 
194 (Sept., 1954) 


Wastes resulting from the wet scrubbing 
of blast furnace gas are settled in a pri- 
mary thickener, and then given secondary 
treatment to maintain good water quality 
in the Delaware River. In the secondary 
process lime slurry is added in a flash 


mixer and the waste is then flocculated 
and settled. Wet washer flue dust con- 
tains about 1,200 p.p.m. suspended solids 
and this is reduced to less than 50 p.p.m. 
W. A. 


Waste Disposal at a Steel Plant: Treat- 
ment of Sewage. By Joun J. Barra. 
Proc. Amer. Soc. Civil Eng., 80, Separate 
No. 495 (Sept., 1954). 


The plant was designed to remove 85 
per cent of the B.O.D. and compensate for 
conditions of low or no flow on holidays or 
shutdown periods, and wide and sudden 
variations in flow and quality. Treatment 
consists of comminution, settling, filtration 
on parallel trickling filters, and final set- 
tling with underflow from the secondary 
continuously recirculated. 

W. A. Hasrurtruer 
Garbage Reduction: Report of a Subcom- 
mittee of the Committee on Refuse 

Collection and Disposal. Proc. Amer. 

Soc. Civil Eng., 80, Separate No. 498 


(Sept., 1954) 


Various methods of garbage reduction 
are reviewed and the Merz, Arnold, Cham- 
berlain, Cobwell, Cobwell-Merz, and Mor- 
rison processes are described. The proc- 
esses are compared and reasons given for 
the decline to only a few existing plants in 
operation. W. A. HasrurrHer 


Incineration: Report of a Subcommittee 
of the Committee on Refuse Collection 
and Disposal. Proc. Amer. Soc. Civil 
Eng., 80, Separate No. 497 (Sept., 1954). 


Capacities and main characteristics for 
53 recent incinerator installations are 
tabulated. Problems involved in the 
measurement of refuse are discussed and 
tonnage is recommended as the only satis- 
factory unit. 

The circular furnace is increasing in 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tuts JourNat! 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired 


Address such material: Federation of Sewage and Industrial Wastes Assns., 


1435 Wisconsin Ave., N. W., Washington 16, D. C 
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popularity, but one improvement in stok- 
ing grates which should reduce stoking 
labor and make rectangular units more 
satisfactory is discussed. Poorly quenched 
and poorly maintained residue areas de- 
preciate a good incinerator and better 
planning for residue handling is needed. 
Fly ash interception in combustion cham- 
ber pockets, waste boilers and arrestors is 
insufficient in many cases. Water wash- 
ing is still being tried as an improvement. 
With higher quantities of combustibles 
currently received, an over-fire air supply 
should be considered. 
W. A. HasrurrHer 


Studies on Aeration. I. By E. B. Cuatn, 
S. Patapino, D. 8. Cattow, D. Ucon- 
LINI AND J. VAN Der S.uts. Ist 
Intern. Symposium on Chemical Micro- 
biology. World Health Org. Mono- 
graph, Series No. 10, p. 73 (1952). 


The relative efficiency of different aera- 
tion devices has been studied quantita- 
tively. The rate of oxygen absorption 
was measured by following iodometrically 
the oxidation of sodium sulfite to sodium 
sulfate in the presence of copper ions; the 
power absorption of the mechanical agita- 
tion was measured dynamometrically. 

Comparing the relative efficiencies of 
different air spargers in the absence of 
agitation, a sparger of porous material was 
found to be twice as efficient as a ring 
sparger with 90 holes with all air flow veloc- 
ities tested (0.2 to 1 volume of air per 
volume of liquid per minute). No signifi- 
cant difference in the rate of aeration was 
observed between a sparger with one 
orifice and a ring sparger with 90 holes. 
Agitation considerably increased the rate 
of aeration. The porous sparger was al- 
ways more efficient than the ring spargers ; 
with the lowest agitation speed tested 
(500 r.p.m.) it was three times as efficient, 
while with higher agitation speeds the 
difference became less pronounced, but 
was still significant. There was no differ- 
ence between the rate of aeration caused 
by « single-orifice sparger and a ring 
sparger with 90 holes of a diameter size 
approximating that of the propeller. A 
ring sparger with a larger diameter than 
that of the propeller gave much less aera- 
tion because much of the air escaped along 
the wall of the recipient without being 
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subjected to the dividing action of the 
propeller blades. 

Plotting of power absorption (in watt- 
hours per liter) against the rate of aeration 
(ml. of oxygen per 100 ml. of liquid per 
hour) in a fully baffled system for a pro- 
peller of the turbine type showed a 
straight-line relationship for diameters of 
which the ratio of the diameter of the 
vessel to the diameter of the propeller was 
between 2.22 and 2.68 over the whole range 
of oxygen absorption tested with air flows 
ranging from 0.2 to 1.0 volume of air per 
volume of liquid per minute; a propeller 
with the diameter ratio 3.1:1 showed 
linearity in the zone of practical interest 
(50 to 200 ml. of oxygen per ml. of liquid 
per hour), whereas with the smallest pro- 
peller (ratio 3.6:1) linearity was ap- 
proached only with the highest air flow. 

Agitation in the absence of baffles leads 
to the formation of a vortex. Although 
this produces unfavorable conditions for 
mixing, it can be utilized for efficient and 
economical aeration without air being 
injected into the liquid through an air 
sparger. 

Plotting of power absorption against the 
rate of aeration showed a linear relation- 
ship over a wide range with different types 
of propeller blades. The effect of four 
variables of the propeller construction on 
aerating efficiency was studied; that is, 
inclination, height, number, and length of 
propeller blades. A  turbine-type  pro- 
peller with a diameter of about one-third 
of the diameter of the vessel and with eight 
blades with an inclination of 90° was 
found to be the most efficient. The height 
of the blades did not have much influence 
on the aerating efficiency. 

Aeration was most efficient when the 
propellers rotated at half the liquid height. 

With the vortex system, any degree of 
aeration can be obtained within the limits 
of practical interest. Comparison of the 
relative aeration efficiencies of the fully 
baffled and the vortex systems of aeration 
showed that for high rates of aeration the 
vortex system is considerably more eco- 
nomical in consumption and therefore more 
efficient. The vortex system of aeration 
has an important advantage over the 
fully baffled system in that the control of 
excessive froth formation presents no 
problem. 

A new type of “spargerless’’ fermenter 
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has been constructed on the basis of the 
vortex system of aeration. The fermenter 
has been used successfully for penicillin 
fermentations and the production of 
bacteria. H. 


Water Supply and Sewage Disposal in the 
Industrial Ruhr District. By H.Roupe. 
Pamphlet, 12 pp. (1952). 


The Ruhr River supplies water to a large 
industrial area for industry and drinking. 
In 1952 the water taken from the Ruhr 
was 1,023,000,000 cu. m. (270,277 m.g. 
U. 8.) Of this, 20 per cent was used for 
approximately 4,500,000 population and 
80 per cent for industry. About one-half 
the water from the Ruhr watershed is used 
for the Ruhr population and industry. 
The other half is pumped to other areas, 
including the Emscher district. 

Owing to increasing demand (from 
450,000,000 cu. m. per year in 1922 to 
1,000,000,000 cu. m. per year in 1952), 
strict regulations are enforced relating to 
reservoir construction, both presently and 
in the future. 

A program of treatment of sewage and 
industrial wastes is rigidly enforced, which 
includes a diversion of sewage and efflu- 
ents from the Ruhr to the Rhine River. 

Because of the increasing pollution load 
on the Rhine, treatment works are now 
planned and under construction. 

For treatment on the Ruhr area, modern 
high-rate trickling filters are planned, in 
accordance with German practice. 

In the purification of the Ruhr itself, the 
treatment of industrial wastes is essential, 
either by the Ruhr Association or the in- 
dustry, particularly to reduce the amount 
of phenol produced and remove acid 
pickling waste liquor. 

Over the years the Ruhr Association has 
built and is now operating 80 biological 
and mechanical treatment plants for the 
sewage of towns, 25 sewage pumping sta- 
tions and high water pumping stations, 
4 reservoirs in the course of the river to 
intensify biological self-purification, and 
48 treatment plants for industrial wastes. 

The total length of collectors for sewage 
and industrial wastes effluents built by 
the Ruhrverband is, roughly, 250 kilo- 
meters (155 mi.) The reservoirs are 
available for recreation, 

Locks are provided to pass 300-ton 
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barges from the Rhine, with a proposed 
lockage for 1,200-ton barges. 

Similar projects have been developed on 
the Emscher River. Lanapon 


Personal Impressions of the Rivers (Pre- 
vention of Pollution) Act, 1951. By 
J. I. Spicer. Jour. and Proc. Inst. 
Sew. Purif. (Brit.), p. 181 (1952). 


A discussion of the technical implica- 
tions of the Act is followed by an outline 
of its principal provisions with reference to 
sewage disposal. 

The guiding principles of the act pro- 
vide that a river board in exercising its 
powers shall have regard to the character 
and flow of the stream and to the extent to 
which the stream is or may be in the future 
used for industrial purposes, fisheries, 
water supply, agriculture, transportation, 
or nagivation. Standards for any stream 
shall be conclusive on the question of what 
is or is not poisonous, noxious, or polluting 
in relation to that stream. 

To facilitate discussion, various tenta- 
tive standards were offered. 

The powers given to river boards to 
withhold consent to new outlets and new 
discharge, stand alongside prescription of 
standards and together constitute the es- 
sence of the act. 

In Part II, the principal provisions of 
the act are discussed, both as to responsi- 
ble bodies, extent of application, and exist- 
ing legislation replaced. 

The offenses include use of a stream for 
disposing of polluted matter; impeding 
the flow; unlawful cleansing of the bed of 
the stream; unlawfully allowing cut vege- 
tation to remain in a stream; bringing into 
use new outlets or making new discharges 
without consent; discharge of an effluent 
not complying with conditions imposed. 

The limitations on river surveys as to 
standards to be set and the effluent stand- 
ards are described in general terms. 

LANGDON PEARSE 


Twelve Months’ Operation of Sand Fil- 
tration and Micro-Straining Plant at 


Luton. By S. C. 
ROBERTS. Jour. 

(Brit.), 333 (1952). 
This is the original of a digest published 


previously (see abs. TH1s JouRNAL, 25, 12, 
1481; Dee., 1953). Fs. 


Evans F. W. 
Inst. Sew. Purif. 
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Better Aeration-Less Cost 


a for your plant! 


- Eight aeration tanks at Lima, Ohio, re- 
O habilitated with DIFFUSAIR equipment 


improved B.O.D. WALKER PROCESS 


a reduction and air utilization. 
3 


A. B. Anderson, Newark, N. J., Consulting Eng'r. 

Chas. H. Shook, Inc., Dayton, O., Gen. Cont'r. DIFFUSAIR 
ok E. E. Smith, Gen. Supt. of Water & Sewage. 

W. H. Jacobs, Chief Operator. 


he Walker Process DIFFUSAIR aeration units eliminate many of the 
@ = difficulties usually associated with the operation of aeration equip- 
Q@ ment. The short tube orifices of the DIFFUSAIR spargers are de- 
8 signed so that the high velocity of air acts to keep the unit clean. 
Og This simple and effective action eliminates the need for air filters 
of resulting in a substantial saving in equipment costs. Further sav- 
© ings are realized due to the virtual elimination of maintenance on 
@~ DIFFUSAIR units. The self-cleaning spargers require no attention. 
of Also, there is absolutely no back pressure build-up to hamper blower 
o efficiency permitting full air utilization. At Lima, Ohio, old equip- 
of ment required 1.0 to 2.0 cu. ft. of air per gallon of sewage treated. 
The installation of DIFFUSAIR equipment has aver- 
aged only 0.7 cu. ft. of air and B.O.D. reduction has 
been raised to 92%-94%. 


A Bulletin 22561, explaining complete de- 
tails of DIFFUSAIR equipment is available 
upon request. Write for your copy todayl 


WALKER PROCESS EQUIPMENT INC. 


Factory—Engineering Offices—Laboratories 
Aurora, Illinois 
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Proceedings of Member Associations 


KANSAS SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 1955 Annual Meeting of the 
Kansas Sewage and Industrial Wastes 
was held April 13-15, 
1955, at the Baker Hotel, Hutchinson, 
Kans., in conjunction with the Kansas 
Section AWWA. 

In addition to panel discussions on 
sewer sewage plant and 
sludge treatment and 
plant landscaping, the 
following papers were presented: 


Association 


and odors 


their control, 


disposal, and 


“Oil and Silt Traps at Service Sta- 
tions and Garages,’ by Don H. 


George Fisher, Director of Service, 
Wichita. 

‘*Unusual Features in Wichita In- 
tercepting Sewers,’’ by W. Smith, City 


Engineer, Wichita. 
Officers elected were: 


Chairman: L. Beyer, McPherson. 
Vice-Chairman: D. Eller, Junction 

City. 

Secretary-Treasurer: R. H. 

Wichita. 

The Arthur Sidney 
Bedell Award was presented to Leland 
Talbot, by Federation President David 
B. Lee. 


Hess, 


ederation’s 


Swezey, Superintendent, Wakefield. 
Industrial Wastes 
in a Municipal Sewer System,’’ by 


‘* Incorporating Rosert H. Hess, 


Secretary-Treasurer 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized" for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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A SPACE STATION . . . @ thousand miles high in the stratosphere slowly circling the globe observers near its rim 
studying cloud formetions ond the earth's atmospheric canditions below. this moy be our weather bureau of the future. 


100 years from now...A MAN-MADE “MOON” 
MAY BE OUR WEATHER BUREAU 


OUR WORLD of tomorrow will bring many 
changes. But in one vital aspect of American living, 
your great-grandchildren will continue to enjoy the 
same dependability and service you know today. 
Cast iron pipe laid today will still carry water and 
gas to their homes. 

Today, over sixty American cities and towns are 
still served by cast iron water and gas mains laid 
100 and more years ago. And modernized cast iron 
pipe, centrifugally cast, is even stronger, tougher, 
more durable. 

U. S. Pipe is proud to be one of the leaders in a 
forward-looking industry whose service to the world 
is measured in centuries. 


United States Pipe and Foundry Company 
General Office: Birmingham 2, Ala. 


A wholly integrated producer from mines and blast furnaces to finished pipe. 
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POSITION AVAILABLE 


Los Alamos requires a chemist with 
good foundation in bacteriology to 
supervise laboratory section of re- 
search and development group work 
ing on methods of treatment of 
radioactive wastes as well as opera- 
tion of small waste treatment plants. 
Must have B.S. in Chemistry, ad- 
vanced degree preferred, and a 
minimum of 10 years experience in 
field of waste treatment, Salary is 
$600 to $700 range dependent on 
education and experience. Pleasant 
working conditions in delightful high, 
dry ¢limate. Liberal benefits include 
generous annual and sick leave time 
and excellent retirement plan. Write 
Attn: John A. Stevenson, 


LOS ALAMOS SCIENTIFIC 
LABORATORY of the UNIVERSITY 
of CALIFORNIA 


Los Alamos New Mexico 


SALES ENGINEER 


National Sanitary Equipment 
Manufacturer 


Territory—Chicago and 
Midwestern States 


Experience with Consulting 
Engineers or State Health 
Department preferred. 


Send photo and resume with 
salary expectancy to Box D, 
Sewage and Industrial Wastes, 
4435 Wisconsin Avenue, N. W., 
Washington 16, D. C. 


Alico RUBBER 


DRUMSERTS 


FOR 


(MIXING + STORAGE » HANDLING 


FERRIC CHLORIDE 


_ can be inserted in any standard 55 
gallon drum in just a few seconds! 
e “Drumserts” are pre-formed, 
linings made of ARco-compounded neopren 
or rubber. The “lip” provided on the insert : 
lapped over outside the drum and pulled = 
to the ring marker indicating ne lip po a 
n, 
i +. “Drumserts” are rugged, 
sad age and permit complete handling of 
drum. 75 
neoprene 
Only @ or rubber 


@ Rubber “Snap- 
On” lids are avail. 
able to fit all 
““Drumserts” 


$970 


lapped over quickly! 


Write Dept. 
for complete details 
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Floorstond equipped with Motor Unit .. . control panel, 
motor, limit switch and push button station. 


Chapman Motor Units have 
fewer components than any other 
units, providing greater depend- 
ability, much lower maintenance 
costs. 

There are only two pinions 
and two gears in the motor re- 
duction train: drift is eliminated 
and lash is negligible. Your 
valves seat tight, but not too 
tight. Operation is a/ways smooth 
and trouble-free. 

You can mount the Chapman 
Motor Unit in any position, at 
any angle required. The rugged 


Simple and 


CHAPMAN'S 
MOTOR UNIT 


for Valves, Floorstands 
and Sluice Gates 


Simple, durable mechanism of Chap 's Motor Unit. 
Handwheel remains stationary during motor operation. 


stub-tooth gears require no 
grease or oil bath . . . yet run 
smoothly, quietly, with minimum 
wear. 


Weatherproof and steam tight, 
Chapman’s floorstand units are 
shipped completely wired, ready 
to connect to your power leads, 
for easy, rapid installation. This 
modern motor unit is depend- 
able and economical. Send for 
new catalog No. 51. 


The CHAPMAN Valve 


Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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Since 1885 


GRUENDLER 


The Choice of 


Municipalities! 


(list of installations in your 
vicinity, on request) 


View of Twin Shredder Installation 


Over 200 


GRUENDLER 


SEWAGE SHREDDERS 


including 
GARBAGE GRINDERS 


installed by Municipalities 
in U.S.A. 


Gruendler patented Sewage Screening 
Shredders are nationally recognized by 
public sewage works for their efficient 
method of disintegration of wastes in- 
cluding rag stock, for uninterrupted flow. 


WRITE FOR BULLETIN SG-io 


Mfgrs. of Dry Sludge Shredders, 
Refuse & Compost Grinders 


GRUENDLER 
CRUSHER & PULVERIZER CO. 


2915 N. Market Dept. SIWG St. Louls 6, Mo. 


ARKANSAS WATER AND 
SEWAGE CONFERENCE 


The 24th Annual Meeting of the 
Arkansas Water and Sewage Confer- 
ence was held at the University of 
Arkansas, Fayetteville, Ark., March 
21-23, 1955, in conjunction with the 
Annual Short School. Total registra- 
tion was 148. 


Officers elected for 1955-6 were: 


| Chairman: L. J. Embree, Magnolia. 


Vice-Chairman: ¥. Lewis, Mena. 

FSIWA Director: L. R. Heiple, Fay- 
etteville, 

Secretary-Treasurer: Uarrison Hale, 
Magnolia. 
C. H. French was nominated to re- 


| ceive the Federation’s Arthur Sidney 


Bedell Award. 
Harrison HAE, 
Secretary-Treasurer 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 11th Annual Meeting of the 
Montana Sewage and _ Industrial 


| Wastes Association was held at the 


Finlen Hotel, Butte, Mont., on April 
28, 1955. 


Following the opening remarks and 


| committee reports, F. F, Palmer and 


C. W. Brinck commented on recent 
state legislature of interest to the 
members. The technical program 
featured a paper on biofiltration by 
G. Richard Smith, Englewood, Colo. 
and a panel discussion on sewer joints 
and jointing compounds. 

An inspection trip was made to the 
precipitation plant of the Anaconda 


| Copper Mining Co. 


The following officers were elected 
for 1955—56: 
Chairman: M. F. Dixon, Billings. 
Vice-Chairman: R. Setterstrom, Butte. 
Secretary-Treasurer: Harvey W. Tay- 
lor, Helena 
Harvey W. Taywor, 
Secretary-Treasurer 
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“VAREC” Pressure 
ray Relief and Vacuum 
Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures ond 
vacuum in digesters 
and protects vessels 
from outside fires. 


TYPICAL INSTALLATION DIAGRAM 


“VAREC” Explosion 
Relief Valve —Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


“VAREC” Flame Trap 
Assembly — Fig. 450— 
Prevents flame propo- 
gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. SIA or — 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440 — 
Permits excess pres 
sure to be wasted 
through gos burner 
and prevents flame 
flashback from burner. 


Plan with ror 


Fig. 187 —Con- 


Symbols of Safety prone of 


going to utilization 
FOR GAS CONTROL THROUGHOUT YOUR 
—Fig. 211 of 211A— 


equipment 
SEWAGE TREATMENT PLANT Controls direction of 
gos flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


“WAREC” Drip Trop — 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 
$10 Available from Authorized Sewage Equipment Agents throughout U.S. ond Canada. 


a 
LABORATORY, cure WCINERATO 
BOILER 
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Equipment and Supply Lines 


Test Tube Caps—Aluminum caps 
for test tube closure that can be easily 
sterilized still fit loosely enough to 
permit aerobic conditions in the tubes 
are available in a variety of perma- 
nent identifying colors—Lowell 
Fisher Co., Box SI, 31 East 45 St., 
Indianapolis 5, Ine. 

Controller—-New Bulletin 7201 de- 
scribes quick-connect miniature re- 
corder and controller instruments.— 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Aves., Philadel- 
phia 44, Pa. 

Gas Analyzers—New 20-page bro- 
chure No, 0703-3 describes complete 
line of combustible gas analyzers and 
alarms—Mine Safety Appliances Co., 
201 N. Braddock Ave., Pittsburgh 8, 
Pa. 

Pump Control—Bulletin L2 
scribes non-clogging, pneumatically- 
operated wet well pump control.— 
Builders-Providence, Inc., 345 Harris 
Ave., Providence, R. I. 

Titration Stand—A 
stand for titration 
sparkling white porcelain base for 
viewing difficult indicator color 
changes.—Fisher Scientific, 717 Forbes 
St., Pittsburgh 19, Pa. 

Screening Equipment—New  28- 
page Book No. 2587 describes and 
gives specifications for screening equip 
ment to remove solids from water, 
sewage and industrial wastes.—Link- 
Belt Co., 307 N. Michigan Ave., Chi- 
cago 1, Il. 

Flow Meters—Open channel flow 
meters for applications involving sus- 
pended solids are described in new 
12-page Bulletin M22—5.—Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 

Level Oontroller—Leafiet, Form 
CP2 describes a capacitive-type elec- 
tronic probe for sensing the level of 
non-adhesive fluids and operating 
pneumatic control valves.—Thermo 


de- 


new support 


use features a 


Instruments Co., 
Belmont, Calif. 


Time-Pattern Transmitters—A 
pneumatic time-pattern transmitter 
designed to position the set point in- 
dices of one or more instruments is 
featured in Specification Sheet 287-1. 
—Minneapolis-Honeywell Regulator 
Co., Wayne and Windrim Ave., Phila- 
delphia 44, Pa. 

Circular Chart Controllers—Circu- 
lar chart pneumatic controllers are de- 
scribed in leaflet S. 8S. 163-1.— 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Ave., Philadel- 
phia 44, Pa. 

Malleable Couplings—A 16-page 
bulletin illustrates many uses and la- 
bor saving features made possible by 
special malleable pipe couplings and 
fittings.—Gustin-Bacon Manufactur- 
ing Co., 210 W. 10th St., Kansas City 
6, Mo. 

Pneumatic Transmitter—Technical 
Bulletin 285-L2 describes the advan- 
tages, uses, and operation of a newly- 
developed pneumatic transmitter for 
measuring liquid levels, flows, and 
differential pressures.—Builders-Provi- 
dence, Inc., 345 Harris Ave., Provi- 
dence, R. I. 

Gear Hoists—Spur gear hoists in 
a wide range of models and capacities 
are described in Bulletin YC and 
YCT (8 pages).—Coffing Hoist Co., 
Danville, Ill. 

Clarifier Equipment—Attractive 
Bulletin 35-D describes a complete 
line of industrial waste, sewage, and 
water clarification equipment, together 
with digesters and sand filters.— 
Hardinge Co., Inc., 240 Arch St., 
York, Pa. 

Laboratory Stirrer—A power stir- 
rer for laboratory use features a hol- 
low spindle for securely holding stir- 
ring rods.—Arthur 8. LaPine and Co., 
6001 8S. Knox Ave., Chicago 29, Ill. 

(Continued on page 336a) 
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smaller 


ble 

possi e e minimize “short circuiting.” They are designed 
with a combination of solid baffles with center ports, followed by 

’ rotating baffles attached to the shaft. FLOCTROLS hold water for 
longer detention periods than competitive designs. Smaller settling 
basins are possible because of this more efficient flocculation. Other 
important features: “tapering mixing” in multiple compartment 
arrangements .. . scientifically designed paddles for maximum 
number of “contacts.” You can save on initial plant costs and reduce 
chemical usage with FLOCTROLS. For Catalog 833-A, write to 


zi Sanitation Sales Division, The Jeffrey Manufacturing Company, 

a Columbus 16, Ohio. 

3 Apron, Belt, Spiral Conveyors 
2 Bar and Disc Type Screens 

"3 Biofiltration Plant Equipment 
: Bucket Elevators 

Chains and Sprockets 

ty Dry Chemical Feeders 

FLOCTROLS 


Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 

Scum Removers 

Sludge Collectors 

Sludge Elevators 

Traveling Water Screens 


JEFFREY DISTRICT OFFICES ¢ 


Birmingham 3, Ala., 2210 Third Ave. Houston 2, Tex., 903 City Nat. Bank Bidg. 


Boston 16, Mass., 38 Newbury St. Jacksonville 2, Fla., 507 Exchange Bidg. 
Buffalo 2, N.Y., 402 Jackson Bidg. Milwaukee 2, Wis., 735 N. Water St. 
Chicago 1, Ill., 307 N. Michigan Ave. New York 7, N.Y., 30 Church St. 

Cincinnati 2, O., 2905 Carew Tower Philadelphia 3, Pa., Suburban Station Bidg. 
Cleveland 15, O., 1560 Hanna Bidg. Pittsburgh 22, Pa., 1424 Oliver Bidg. 
Denver 2, Colo., 1726 Champa St. Raleigh, N.C., 116 S. Harrington St. 

Detroit 13, Mich., 5808 St. Jean Ave. Salt Lake City 1, Utoh, 733 Judge Bidg. 
Duluth 2, Minn., 14 W. Superior St. St. Louis 1, Mo., 1961 Railway Ex. Bidg. 


San Francisco 2, Calif., 870 Market $1. 


CONVEVING © PROCESSING * MINING EQUIPMENT 
TRANSMISSION MACHINERY © CONTRACT MANUFACTURING 
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Grating and Stair Treads 
struction features and details of floor 
grating and stair treads are presented 
in fully illustrated Bulletin 1105. 
Dravo Corp., 1203 Dravo Building, 
Pittsburgh 22, Pa. 

Chlorinator Operation—T'echnical 
Bulletin 840-K13 presents typical in- 
stallation diagrams and photographs 
for automatic proportional operation 
-Builders-Providence, 
Inc., 345 Harris Ave., Providence 1, 
R. I. 

Bulk Chemicals—The price of many 
regularly used reagent—grade chemi- 
100-to 600-lb. drums may be 
found in the new chemical supplement, 
‘*Bulk Chemicals.’’—Fisher Scientific 
Co., 711 Forbes St., Pittsburgh 19, Pa. 

Check Valves—Spring tension ap 
plied to the opening and closing of the 


Con- 


of chlorinators. 


cals in 


swing-type flapper provides non-slam 
check valve operation in any position 

W. R. Ames Co., 150 Hooper St., 
San Franeciseo, Calif 

Municipal Incinerator—Bulletin 
601-55 pictures typical installations 
of various types of municipal incinera 
tion plants featuring mechanical stok 
Pittsburgh-Des 
Neville 


Moines 
Island, Pittsburgh 


ing systems. 
Steel Co., 


25, Pa. 


Pipeline Mixer—Continuous chemi- 
cal mixing of liquid, gas, or slurry 
in the pipeline is deseribed in Bullk 
tin 3800. Well Works, 
Aurora, Ill 

Water Control Gates—The excel 
lently prepared and indexed Catalog 
will furnish 


American 


the design engineer 
and specification writer with complete 
technical control gates and 
accessories for water and sewage treat- 
ment Specifications and data 
tables are included Perkul Gate Div.., 
Morse Machinery Co., 2900 
Brighton Blvd., Denver, Colo 

Electric Check Valve—A 


cushioned check 


data on 


works. 


Bros 


double 


electric valve, com 


pletely hydraulic with integral power 


chamber, is reported to solve many 
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problems associated with dise and 
piston check valves.—Golden-Ander- 
son Valve Specialty Co., 1232 Ridge 
Ave., Pittsburgh 33, Pa. 

Slide Gate—-New release pictures 
a low cost, easily installed aluminum 
slide gate for full channel flow where 
closure can be made under balanced 
conditions.—Rodney Hunt Machine 
Co., Orange, Mass. 

Diaphram Pump—A variable speed, 
rubber vertical stroke 
featured on a new dia- 
pump constructed of alumi- 
Construction Machinery Co., 
Waterloo, Lowa. 

Metal Grating—Steel grating for 
armored floors and other uses is de- 
scribed in new releases—Klemp Metal 
Grating Corp., 6603 S. Melvina Ave., 
Chicago 38, Il. 

Gear Drives—New 32-page Book 
2619 complete engineering 
data on parallel shaft gear drives. 
Link-Belt Co., 307 N. Michigan Ave., 
Chicago 1, Ill. 

Painting Guide—A ready reference 
for sewage and water treatment plant 
painting is the ‘‘Engineers’ Painting 
Guide for Sewage Plants and Water 
Works.’’—Inertol Co., Ine., 480 Fre- 
linghuysen Ave., Newark 5, N. J. 

Air Operated Pumps—Details on 
pneumatically operated pumps are 
given in Bulletin UP-—55.—Hills-Me 
Canna Co., 3025 N. Western Ave., Chi- 
cago 18, Ill. 

Sewage Ejector Tables—Engineer 
ing tables simplifying the selection of 
clog-proof pre- 
sented in the publication ‘‘ Flush 
Kleen Selection ‘Made Easy’.’’—Chi- 
eago Pump Co., 622 Diversey Park- 
way, Chicago 14, Ill. 

Multi-Puel Engines—Colorful new 
Bulletins E-7 and E-9 illustrate the 
design features of natural gas-butane- 
gasoline with horsepower 
ratings from 115 to 675.—Le Roi Div., 
Westinghouse Air Brake Co., 1706 S 
68th St., Milwaukee 14, Wis. 
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| Plan with Quality... 


4-36" Pekrul model 

45A Sluice gotes at 

Sacromento Sewage 
Treatment plant 


City managers... engineers.. 
i contractors...know that the precision 
engineering and quality construction of 

Pekrul Gates means a planned water control project 
thafWillefulfill its purpose. It costs no more to plan with 
quality ...specify Pekrul Gated Gtmyour.next project. 


PEKRUL GATE DIVISION 


Write on your letterhead for NEW Pekrul Gate 


MO RS BROS. MACHINERY 

DENVER, COLORADO 
MANUFACTURERS OF PEKRUL GATES FOR 
| Flood Control Sewage Disposal Rearing Ponds Recreation Pools : 


Levees Reservoirs irrigation Cooling Towers Pumping Plants 
Weter Works Oil Refineries Steel Mills Dams Fish Hatcheries 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 343a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water Bowepe Ind istrial Wastes and Incineration Problems 
Planning, Highways, Bridges and Airports 
Flo id Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory for Chemical & Bacteric slogical Analyses 
Complete Service on Design an ision of Construction 
THREE PENN CE 
PHILADELPHIA 2, PENNSYL VANIA 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H, Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civile Opera Building Chicago 


ANDERSON- NICHOLS 
Ylompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and ridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 


Consulting Engineer 
Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 Weat Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineere -Airport Design —Sewage Disposal 
Systems Water Works Demgn Operation Surveys 
and Maps —City Planning — Highway Demgn——Conatruc 
tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. 0. Box 67 Crystal Lake, Ilinols 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Anal ysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

Ciinton L. Boowat Faep 8. Cutips 

Ivan L. Boornt DoNALD M. DitManrs 

A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 

Drainage Flood Control 

Highways and Bridges Airfields 


624 Madison Ave., New York 22, N. ¥ 


ONLY $60 PER YEAR 


is the cost of a_ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 3398 


Engineers 
Sewerage —Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 
Municipal—TIndustrial Projects 
Valuations — Reports— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 
Water Supply 
Sewer Systems 
Sewage Disposal Plants 
Industrial Wastes Problems 


468 Fourth Avenue 


Airports 

Highways 
Industrial Buildings 
Railroads 


New York 16, N. ¥. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(PORMERLY NICHOLAS §S. HILL ASSOCIATES) 
Specializing in Sewerage and Sewage Disposal, 

Water Supply and Water Purification, 
Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration-Gas Systems 

Valuations—Rates-Management 

Laboratory~City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Il, 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 


2 BOWE, ALBERTSON & ASSOCIATES 
| | | 
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SEWAGE AND 


INDUSTRIAL WASTES 


Damon & Foster 


Consulting Engtneers and 
Surceyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations Reports Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal , | the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Beeville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


Joun AYER W. Horne 
Bion A. BowMAN 
A. FARWELL 


WitiiaM L. HYLAND 
Frank L. LINCOLN 
Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Works—Industrial Bldgs. 


BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


8. Finxesiner Perris 
Hanon K. Sraovur 
Consulting Engineers 
Reporte, Designs, Supervision, 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


3518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generationa Since 1867 
Water Supply; Sewerage; Structures; 
Drainage Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction--Water Supply and 
Purification Plants Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Fiood Control 


3209 Brewa Road Saint Lewis 14, Missoeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams. Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking —Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pileasant- 
ville, N. 2d. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley 
Paul Langdon 
Thomas M. Niles 


Paul Hansen (1920 1944) 
Kenneth V. Hill 
Samuel M. Clarke 


ONLY $60 PER YEAR 


is the cost of a professional listing 


in this 


space. 


A card here will iden 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 8. State Street, Chicago 4 


tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Ww ater 


Reports, Design, Supervision of Construction 


Sewage & Industrial Wastes—Hydraulics 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


W. L. Havens Cc, A. Emerson 
A. A. Burger F. W. Jones 
H.H. Moseley J.W.Avery F. 8. Palocsay 
BK. 8. Ordway 


Water, Sewesace, Gannace, INDUSTRIAL 
Wastes, VALUATIONS——LABORATORIES 


Leader Bldg. 
Cleveland 14, 


Woolworth Bidg. 
New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuanp Hazen Avenep W. Sawven 
Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


12? Kast 42nd Street 


New York 17, N. ¥. 


HENNINGSON, DuRHAM 


& RICHARDSON, INC. 
Consulting ' since 1917 for move than 
cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reporte, Flood Control, Appraisals, 
Drainage 


Standard Ol! Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. Honner E. BE. 
H. SHIFRIN Liscuer 


Hydraulic Engineering 
Sewage Treatment 
Municipal Engineering 

- Reports 


Airports 
Sewerage and 
Water Supply 


Shell Building, St. Louls 3, Missourt 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Kefuse 
Disposs! and Incineration, Industrial 
Buildings 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., BAN FRANCISCO 6 


It pays to secure competent and experienced engineering advice! 


f 

HAVENS AND EMERSON 


SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1812 Park Bidg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION-—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structures Power 


51 Broadway 


Transportation 


New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bidg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM, M. PIATT P. D. DAVIS 
Cc Iting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Bulldings, Streets 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corceran St. Bidg. Durham, WN. C. 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Bewerage & Sew 
age Disposal; Industrial Wastes; Investigations 
Reports; Design ; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Coterade 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Alrport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
Municipal | Paki Works & 
Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 
Consulting Engineers 


327 S. LaSalle Street 
Chicage 4, Ulineis 


Hershey Building 
Muscatine, lowe 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges Highways—Industrial Buildings 
Studiee—Surveys— Reports 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Ra. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Warxins G. R. 


CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage cal Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

261 Kast High Street Lexington, Kentucky 
ranch Office 

901 Hoffman Bullding Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—S8TU DIES—REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil] — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Jones, Heary & Witla. 
Reis & Holropd 
Morris, Inc. 

Koebig & Koebig 
Mebus, George 


Metcalf & 


Pirnie, Matcotm, 
Purcell, Lee T. 


Riddick, Thomes M, 
Ripple & Howe 

wesell & 
Smith & Gillesple x 


Watkins, J. Stephen 


= Weston & Sampeon 
Whitman & Howaed 
Whitman, Requards & 


OA\TRONIZE QUR ADVERTISERS—whose support makes possible the pub- 


‘ication of this When swrittag advertisers sure to mention 
AND IN DUST WASTES, 


Stileon, Alden E., & Associates 
Taylor, Meary W ; 


DIRECTORY OF ENGINRERS, pp. a 
Baker, Michael Je, Ine. Durbam & Richerdae, ch 
Cole, Chas, We @ Bea 
Electro Corp. ON. J.) 
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